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Simplification Act of 1986 will become the Tax Simplification Act of 1987. So I was one of the few 
people who argued against that tax simplication. We've always been a straight state that's been driven by 
a determination to enact our own public policy, and so we have created our own incentives and I believe 
that that will continue to be something that we want to do. 
Other factors in developing an overall strategy are related to promoting a fertile and educated 
talent pool. Thus, the focus of our hearing today will be to examine the education, research, and related 
concerns of private enterprise regarding their prospective labor force and other issues. We will review 
programs in place at our universities that will provide the talent for technological innovation and 
examine the kinds of programs that have been established by our universities with private enterprises to 
share research and development information and efforts. We will also review the patent, licensing 
process and investigate the pattern of exploitation of the intellectual property being developed our 
universities and how it differs where there is a joint effort with private enterprise. 
Additionally, we will investigate other programs designed to improve our international 
understanding and hopefully promote our ability to market our products more effectively overseas. 
Finally, we will look at the role of the secondary schools or the pre-college education in t~e scheme 
of our overall strategy to become more competitive. 
To provide us a better perspective of where our economy and society is going, we will hear from our 
first witness, Dr. Richard Drobnick. 
I would just like to add that I think even just by the visiting of this country such as I think all of us 
have recently, you learn about some of our ineffectiveness or inefficiencies as a country and as a state. I 
don't know that it can be said that we're still the ugly American, but certainly, I think we lack the 
sophistication and the fundamental understanding that if, in fact, we are going to look to our neighbors in 
the Pacific Rim to do some business, we must still learn a lot about their countries, their culture, and 
their way of doing business. 
I think as Americans and even as Californians we tend to be very, very impatient. And I think one of 
the lessons that came through clearly, and as a matter of fact on more than one occasion, as we tried 
together, discuss with these people how we can become more competitive, Number 1 is the idea that for 
those people, business is to some extent a social happening. Americans are used to doing business and 
kind of leaving town, if you will. The other constant criticism that we received in every country where, 
we went-- and received in the past, but most recently, of course, in Taiwan and Hong Kong and my first 
visit to Korea -- the message was still the same; so I think we've still got a lot to learn, and one of the 
things that we must learn is patience. 
I think another point, too, is that although that was not explicitly stated as far as the people that I 
had conversations with, when you do business with those people, I think they're interested in long-term 
relationships, because again those business relationships are social relationships. 
So with that I'd like to again reintroduce Senator Presley. He's been a world traveler like myself. 
don't know that he's gotten the same commentary in the press that I have. And then also Senator Ellis 
who, of course, is one of your own Senators from here, from the San Diego area. Senator Presley, before 
we hear from our first and other witnesses, would you care to make an introductory comment from your 
-2-
that seems to 
very, very evident when you 
• r think one 
in in terms 
in 
purpose. And we 
able to go off 
foreseeable future. 
the o~ortunity to address this committee on the subject of "The Fut~re of the United States Econorrl¥ in 
'the 'No~d Economy" and the implicati\ns of that for the economic d~mand on education and the sod{al 
instituti~ns in California. , li 
As you are all very well aware, U.S. economy and the world economy are sailing in truly 
uncharted waters. Unprecedented levels of debt and international capital flows, unsustainable trade 
deficits and surpluses, the growing globalization of business, rising protectionism, and the specter of 
Japanese dominance (or leadership) all combine to cloud our "crystal balls." In this time of uncertainty, 
it is especially important that the California Senate exercises its leadership role to chart a course that 
will continue to make California a prosperous and healthy society in the years to come. 
In order to do this the Senate must perform four tasks that are both technically and politically 
difficult. 
1. Identify and evaluate the alternative directions of the U.S. economy. 
2. Identify a feasible set of state and national economic goals for the future. 
3. Identify a feasible set of policies which could take advantage of the momentum of ongoing 
economic trends (or change it) so t~at we can achieve our goals. 
4. Develop the political will power among your various constituencies to implement the policies. 
I'd like to begin my remarks by reviewing America's international indebtedness, which is to a large 
extent a direct result of our federal deficit -- given our abysmally low rate of savings -- in order to 
provide a perspective for California policy. In my opinion, the way in which America manages (or 
mismanages) our international indebtedness will be one of the principal factors shaping the future of the 
U.S. and the world economy. As you all know, in 1985 the United States became the "winner" in the 
international debt derby. We surged past Mexico and Brazil. In 1986 and 1987, America "lapped" the 
field of international debtors three times, adding another $300 billion to its international debt position. 
Nevertheless, numerous economic commentators are still unconcerned by such unprecedented 
external financing needs. In fact, some still shout that the inflow reflects international confidence in the 
U.S. economy. However, in 1987, it has been the foreign central banks that have had to finance 
America's debt. Private financiers became net sellers of dollars. The world is not demonstrating 
confidence in the U.S. economy. These are "unwanted" purchases by foreign central banks at the level of 
$110 billion to $115 billion in the past twelve months. In order to clarify the criticality of America's 
international indebtedness issue, I want to paraphrase a November 7 editorial in The Economist: 
The economist said, "What is America's task?" America's task in 1986 and 1987 was to attract 
about $300 billion in foreign capital to finance our "excess consumption." What was the problem? The 
problem was that foreigners have become somewhat reluctant to keep acquiring more dollar-
denominated assets. What was the solution? Well, there are two possibilities: one was to lure the 
foreigners to do so by cheapening American assets via further dollar devaluation; the second possible 
solution was to lure them to do so by raising interest rates and increasing the yield on their investments 
here. 
Well, what's the progress report to date? The Federal Reserve tried Option B, raising interst rates 
in 1987; Wall Street smelled recession; the stock market crashed. It appears that only Option A, the 
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CHAIRMAN MONTOYA: Dr. Drobnick, hasn't there been a statement made that I read in a couple 
of places that that is precisely the position that Japan will be in, to singularly tell us what we must do? 
'Nhat the International Monetary Fund has done to Brazil and Mexico, Japan will singularly be in that 
position to do that to us in a few years if we continue on our same patterns of economic behavior. 
DR. DROBNICK: This is my precise concern. If one goes back to April or May, Paul Volcker, when 
as chairman of the Federal Reserve was testifying to the Senate Finance Committee, and the Senators 
were asking Mr. Volcker, "Please lower interest rates to spur housing and spur automobile demand." And 
he was saying, "Senators, I can't make monetary policy without phoning my creditors in Bonn and in Tokyo 
to ask them what they think of a looser U.S. monetary policy and there was a lower interest rate, and 
frankly I don't think much of it; in fact, we should higher the U.S. interest rates in order to protect them 
from the depreciation of the dollar." And as you go deeper and deeper in debt, you become more and 
more vulnerable to pressures from your creditors. And creditors should have some say on how you run 
your policy if you've borrowed money from them. 
SENATOR PRESLEY: Before you leave that graph, that dive that took place there within, what, 
two years, ..• ? 
OR. DROBNICK: It starts in '82. But the big dive is '83, '84, '85. It's like a bank account. We're just 
adding up your bank account over the years, where the currency here is your international trade position. 
SENATOR PRESLEY: It looks like most of it took place in about two years, right? 
OR. DROBNICK: Well, except there's a little bit in '82, more in '83, more in '84. Each year we're 
adding, down here, $150 billion. 
SENATOR PRESLEY: Okay, for some of us that don't understand that nearly as well as you, give us 
a little elementary lesson in why that drastic drop there within that short period of time. 
DR DROBNICK: Well, let's think of what it is first of all. Think of it as your savings account. So in 
1982, you spent more than you earned; and then in 1983, you spent more than you earned; in '84, you spent 
more than you earned; in '85, you spent more than you earned. And if we added it up over the last seven 
years, you spent that much more than you earned. 
All right, why did it happen? Mostly ••• 
SENATOR PRESLEY: Who spent that money? 
DR. DROBNICK: The United States government. All of us. 
SENATOR PRESLEY: All of us. 
DR. DROBNICK: Households, business, government. Now why did it happen? 
SENATOR PRESLEY: Because the government has been doing that, the federal government's been 
doing that for a number of years; accelerated more recently. 
DR. DROBNICK: Most people, most economists would agree that the principal cause is the change 
in federal policy. It's the cutting in taxes without cutting spending -- the Tax and Economic Recovery 
Act of 1981. We cut taxes without cutting spending, so the federal government became a big borrower of 
funds. We did not raise savings rates from households. We did not raise savings from business. So you had 
to borrow that money somewhere. Where do you borrow? Borrow it overseas. 
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;:>lace. And I don't know, people just somehow seem to have to make some individual decisions that that is 
not good for this country. They're sinking us. 
CHAIRMAN MONTOYA: Well, Senator, they are looking for better cars and we don't make very 
good cars. 
SENATOR PRESLEY: Well, I drove an Oldsmobile down here this morning, and I don't know how 
you can improve on that car. I just-- if you do any more than that, you're a glutton. (Laughter.) 
MS. PATRICIA E. TAKAYAMA: Before we go on, I'd like to ask a question. 
CHAIRMAN MONTOYA: Yes. 
MS. TAKAYAMA: Isn't it also a case that if we manage to expand our -- or improve our 
manufacturing base and our dollar continues to decline overseas, that the people that we want to sell our 
products to are going to be Taiwan and Korea; and because they cannot export as many products to us, 
they still won't be able to buy as much. I mean, so our progression in terms of exports is not going to go as 
fast up the scale as you projected, right, in any case? 
DR. DROBNICK: Well, the lines I projected, I'm just trying to say, let's imagine coming to balance. 
There's an infinite number of ways you can come to balance. You could say our exports will grow at 20 
percent a year and that our imports could still grow. I don't believe that's possible because the markets 
aren't there. But the Taiwanese could import an awful lot. The Japanese could too. Korea and the 
Germans could also. Will they? They will not do so willingly. Can we force them to do so? I think we can 
If we make smart policy. Force them through exchange rates. Force them through better productivity. 
Let me talk a little about that in a more formal way here. One can anticipate substantial 
economic, political, and social changes as the United States in the years to come begins to "live within its 
means." In my opinion, if this process is initiated and managed as a pro-active choice by American 
leaders, then America and the world will fare much better than if the process is dictated to us by external 
events and by its creditors. The implication of the IMF doing it to us. The challenge for American 
leaders is to dispassionately evaluate the current situation, identify the decreasing number of options, 
speak honestly to the American people, and start working on managing the inevitable. 
What are some of the economic, social, and political changes that we can anticipate if America 
moves towards trade balance? Let me outline ten that I foresee, and let me challenge you to think about 
the implication of these changes for California and for the nation as a whole: 
1. U.S. financial, economic, and political power will erode as that of Japan's inexorably rises. This 
will be apparent in a decline in the U.S. influence in international institutions, which is the IMF, the 
World Bank, and the GATT, as well as in alliance politics. 
2. The American government will find that its fiscal and monetary policy options will be increasingly 
constrained by its creditors, as America builds up its trillion-dollar net capital import position by 
the early 1990s. 
3. A major reassessment of federal government tax and expenditure patterns and priorities will occur 
as the federal budget is forced towards balance in the early 1990s. Going to have to reduce social 
security. Going to have to reduce defense. Going to have to raise taxes. And if we don't want to do 
it ourselves, then ••• 
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7. Item Number 7 is very important for state policy. Production by foreigned-owned factories in the 
United States will increase substantially as foreign firms locate here to take advantage of 
America's inexpensive labor, land, and facilities. 
Now, as you might know, by 1990 or 1991 there will probably be no Japanese cars exported to the 
United States. They're going to have the production capability to produce over 2 million units here 
locally. And the estimates by the Japanese automakers and by the Keidaren, the federation of industries, 
is that between 60 and 75 percent of the total value of those cars were produced here, so these are not 
assembly operations. And that's not -- you're seeing the same thing for VCRs, you'll see the same thing 
for electronic goods. The point is they can't produce out of Japan and sell these things here when the 
exchange rate is 140 and it's headed towards 100. They just can't do it. And the Koreans and the 
Taiwanese won't be able to do it either as their currencies are forced to appreciate. 
SENATOR PRESLEY: Have you ever seen this expression "America's inexpensive labor" before? 
DR. DROBNICK: Talk to a Japanese today. 
SENATOR PRESLEY: Is that right? 
DR. DROBNICK: Yup. 
SENATOR PRESLEY: You mean labor is going very high there? 
DR. DROBNICK: The labor rate there, you've got to factor in the exchange rate, they can buy a 
plant and equipment over here very, very cheap. We have become a bargain basement. To buy our land, 
buy our bricks and mortar, to have things built here is now very cheap and it will get cheaper. 
And so, in my opinion, one of the ways we will see the trade imbalance coming together is that 
there will be a tremendous reduction in imports, but we'll still be buying a lot of Japanese products or 
Korean products or German. 
CHAIRMAN MONTOYA: See, so the old industrial infrastructure that we had, that we didn't 
continue to keep, because of labor union pressures and all that kind of stuff will now be rebuilt the 
Japanese except the cream of the profit will be going somewhere else. That infrastructure will be 
rebui but it will belong to somebody else, not us. 
DR. DROBNICK: As in what we invested in Europe. 
CHAIRMAN MONTOYA: As American coolies do the labor for a much cheaper thing, and again, 
what you're seeing is that the exporter gets -- that the export profits go somewhere else. 
DR. DROBNICK: They'll go somewhere else or be reinvested here. But it won't just be coolies. 
mean, there will be engineers doing the work; but of course, the •••• (Inaudible due to cross-talking.) 
CHAIRMAN MONTOYA: What I'm connoting by coolies is a cheap labor force. That's what I mean. 
I mean nothing more that. I should clarify that, I guess, for the record so that some comment doesn't 
mean to the contrary. 
SENATOR JIM ELLIS: Sir, do you mean, where the Japanese will produce here and export back to 
Japan? 
DR. DROBNICK: Certainly. Honda plans now to export the Accord back. You'll be seeing that 
more and more. Again, it depends on your forecast of the exchange rate; but in my opinion, you'll see 
more and more of this happening in '89 and '90 throughout the region. 
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• "Know your enemy, know yourself, and you can fight a hundred battles without disaster." 
• "An army without spies is like a man without ears or eyes." 
• "To neglect the use of spies is nothing less than a crime against inhumanity." 
What's the point? The point is be smart. 
In my opinion, a visionary educational policy that recognizes the importance of knowledge about 
the Pacific Rim is needed to equip California's present and future business and political leaders for 
dealing intelligently with our most important trading partners. 
I think we are woefully underinformed about them relative to their information about us, and it's 
because in my opinion we don't put enough effort in relative to their efforts. And that's what I think the 
state could do in a long-term sense saying, "Let's invest in people to make our state the most productive 
and competitive in the future." You can't set national policy. You can be aware of the national policy 
trends, but I think we can set state policy in education. 
SENATOR PRESLEY: So you're saying the Number 1 most effective thing that we could do at the 
state level is enhance our educational system. 
DR. OROBNICK: I think so. And !.really mean short-term things you can do for existing leaders, 
yourself and business people. Those are short-term, but I think we've got to longer term things that -- I 
mean it literally. In the primary school level that people know where these countries are, that people 
know about their history and culture and politics. These are going to be the dominant economies in the 
future, hopefully with the U.S. 
SENATOR PRESLEY: What happens to people like the three of us sitting here who at least are 
voted to try to develop a state policy? And you have a statutory constitutional limit, which is the 
spending limit imposed on you. For example, I see Belle Cole sitting up there and others and the 
University of California always wants more money. And maybe we'd like to give it to them, but you have 
the spending limit. What will we do about that other than get it up or get it modified? 
OR. DROBNICK: I'm not sure about the limit. I'm saying, within whatever budget you have, one 
has to prioritize. It seems to me it's very important that we educate people about our most important 
trading of financial partners. See, we have the same educational budget, but we put more of it into these 
programs. This is called ••• 
SENATOR PRESLEY: They emphasize change, changes. 
CHAIRMAN MONTOYA: It's called re-prioritization, and that's what we need to do, because we're 
not in the '50s and we're not in the '60s when everybody could -- the entire educational establishment 
could just come and ask for more money. We have to find out what is going on that's irrelevant, if you 
will, or not quite as important and make a determination about that. I mean, we've got existing 
resources. It's not like if we're not putting just in K-12 education 55 percent of our General Fund to spend 
on that; and the University of California and the state colleges and the community colleges, we probably 
spend another $5 billion on them; but we need to re-prioritize and that's a difficult thing to do in this 
political business of ours. 
SENATOR PRESLEY: See, another thing that's very neglected, I think, in California is the total 
infrastructure, particularly transportation. It seems that would be a very high priority in terms of 
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come here to produce, in order to take advantage of, the relatively inexpensive American labor force. 
CHAIRMAN MONTOYA: Well, we didn't mean to get so digressive, but-- and we'll try to maintain 
our schedule because I do understand people have to leave. So thank you very much, Or. Drobnick. 
Why don't we go to our second witness, Tony Quinn, Director, Office of Economic Research, 
Department of Commerce. We'll try to stay a little bit more on track. It's just that it's fascinating. It's 
sad, but it's fascinating nonetheless. 
OR. TONY QUINN: Thank you, Mr. Chairman and members. I think my testimony will perhaps 
dovetail in somewhat to what Dr. Drobnick mentioned here. I want to talk about the economic conditions 
and particularly California's role in the international economy. 
I'm very pleased to have this opportunity to discuss with you the role we play in the Department of 
Commerce. As you are no doubt aware, the Deukmejian Administration has made enhancing California's 
international position a major priority and has opened trade and investment offices in both London and 
Tokyo. The offices are now actively promoting the state's interest throughout .L\sia and Europe. 
Our own research shows the importance of California's overseas presence. As many as one in four 
manufacturing jobs in this state is impacted by foreign commerce. The major factor in foreign 
commerce, of course, is foreign investment, which was mentioned here. This now amounts to some $35 
billion within California. That is an increase almost ten times in just the last decade. A decade ago it 
was only around $4 billion. 
Some 70 percent of our products compete with products from overseas. Trade through our customs 
districts has grown from less than $25 billion just a decade ago to more than $100 billion now. Much of 
the trade deficit that you heard talked about there does pass through the California customs districts. As 
a matter of fact, you won't be surprised to learn that the United States now does more trade with Asia 
than with Europe. This change took place about four years ago. So our sitting on the edge of the Pacific 
Rim has made us even more important in America's own response to the competitiveness challenge. 
The international economy is vital to California, and we contribute much to America's competitive 
posture in international commerce. We are convinced that all state policies should be focused on 
improving our own state's competitiveness. 
Our Department strongly supported the 1986 unitary tax reform, the 1987 federal tax conformity 
bills, and reform of liability laws because each of these actions made us more competitive, both in 
domestic and international business. 
The need to be concerned with competitiveness certainly applies to education. You have asked us 
to comment on state programs that promote research and development and how we can better integrate 
academic research with business. Let me mention a couple of programs that Department is involved 
with. 
To assist our entrepreneurs, we are aggressively supporting technology transfer programs. One of 
the most successful has been the MICRO program at the University of California, and I suspect you'll 
hear more about that today. This program allows industry to contract directly with University 
researchers on microelectronics projects and supplies matching state funds. The research projects are 
those that the private sector feels it needs, but they are performed with joint academic and private 
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fact that we have something like a thousand times more lawyers than almost all of our competing nations 
do, and government regulations that are both intimidating and seem to be never ending. 
Hearings like this one today can help state policymakers to think internationally. There is no 
better place to start this process than in the schools. Our Department has worked with both UC and the 
State University system to promote their Pacific Rim studies. We are convinced from our own 
experience that training in Asian languages is absolutely essential and that you will find a surprising 
degree of support in the business community for increased Japanese and Chinese studies. I might 
mention here that I've heard stories from American business people that when they are in negotiations, 
particularly with the Japanese, that of course they have to conduct the negotiations in English. Very 
often the Japanese will conduct them through interpreters; and what you find is if you start asking very 
hard questions, they suddenly don't quite understand what you are asking, you don't quite get the answers 
back that respond to your questions. 
CHAIRMAN MONTOYA: Standard operating procedure. 
DR. QUINN: Right. We go into these negotiations with one arm tied behind our back, because they 
can communicate among themselves in their own native language; we're forced to communicate with 
them in English. 
Competing in the new international climate should be a guidepost for thinking at every level of 
policymaking. How we respond to this interdependent world economic order could be the major 
challenge facing California in the remaining years of this century, especially as America more and more 
looks to us for leadership. 
I might close by mentioning that we see California really as playing a role separate from the rest of 
the nation. We are, as was mentioned, one of the world's great economic powers on our own. As a matter 
of fact, we believe that we're the sixth largest economic power in the world. And many foreign 
countries, particularly in the Pacific Rim look on us as being separate and distinct from the U.S. at large. 
We've been able to attract a great many joint ventures, particularly with Japanese and Korean firms, 
because they find it a very receptive climate here. There's a large infrastructure of Asians here. This is 
a state that's always had ties to Asia. And we're doing everything that we can within the Department of 
Commerce to encourage those kind of joint ventures. We see those as bringing wealth here. I think that 
the statement is correct that the Japanese will start manufacturing a vast percentage of their 
American-sold automobiles here. And we have heard from General Motors right now that they consider 
the Nummi plant, which is the joint venture with GM and Toyota in Fremont, to be the best run General 
Motors plant in the United States right now and that there will be an expansion of those kind of plants 
because of the Japanese desire to do more joint manufacturing here. 
So we see California playing a very distinct role in helping to resolve some of the problems that 
were brought out by the first witness. I'd be happy to answer any questions. 
CHAIRMAN MONTOYA: I would just like to make a couple of points relating to some of the things 
that we have done. I did support the 1986 unitary tax reform measure. I think there was a lot of 
international presence here to make sure that we did something about what was an unfair -- supposedly 
an unfair advantage. I think in retrospect on that one, Monday morning quarterbacking, that perhaps we 
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countries, we all have our political complexities. The political equation is not the same in every country. 
But again, we can't go on standing for excuses that bars genuine free trade. Whatever the problems are of 
the agricultural interests and how much power they have in any of these countries, the point is $6 an 
apple is too much to pay and $1000 rice is too much when we can produce it for $200. You know, all of 
that has to be swept aside. It has to. And I think that message has to, clearly. We're not talking again 
about being protectionist. We're talking about genuine two-way reciprocal free trade. 
DR. QUINN: I think you're going to see some changes on that, Senator, when you begin to see the 
Japanese trading companies. We're already seeing some small signs of it now, realizing that there is a 
large market here. You'll find the big trading company is all of a sudden up in Gridley and Chico looking 
around at that rice there, and some day they're going to figure out that it's in their interes to buy our rice. 
It's not five times the world price; it's actually eight times. And it's the most amazing thing in the world 
what the Japanese family has to pay for basic commodities. 
CHAIRMAN MONTOYA: Well, it's not just in that. For example, in terms of the financial markets, 
I think they've decided to open up like for four American companies. All of sudden, I think the latest 
thing I saw in the Investor Daily there, they're thinking about backing out of that. And under any 
circumstance, anything that you do with these countries are joint ventures in which they maintain the 
power. You just don't-- they don't allow you to just come in freely and do your own thing. It probably 
wouldn't do any good anyway, because we were saying earlier that we're not capable of selling very well 
own. But anyway ••• yes, Senator Presley, anything? 
SENATOR PRESLEY: You know we hear constantly this stuff about doing everything you can to 
attract foreign investment. And the last witness dwelled on that. And I guess that would go a long way 
toward solving maybe the immediate problem. But somehow it seems like that just doesn't ring true in 
the long term. To carry that out to its ultimate, pretty soon other countries will own this country. 
OR. QUINN: Well, Senator, we have looked at that. There is a very definite political sensitivity 
here. Right now only about 5 percent of the investment in the State of California is foreign-owned, about 
5 percent of the companies. So we're a long ways from that problem of being bought by foreigners. But 
there is a certain sense of it. You take a look at the number of bank buildings and hotels and that kind of 
thing that are being bought up, and the growth certainly is there. 
We have encouraged foreign investment because it creates manufacturing jobs and there is far 
more U.S. investment overseas even still than there is foreign investment here. The old business about 
the multinational companies really referred to the IBMs of the world in all these different countries. It 
didn't refer to the Sonys and the large foreign firms. We know that there's going to be, for economic 
reasons as the dollar drops of great attractiveness of foreigners to invest here. 
We'd frankly rather that they came and invested in manufacturing plants than that they simply buy 
treasury notes or buy real estate or do passive things. We like to see that money used to create jobs here. 
And there's been a doubling in the last five years or so in the number of jobs that are created through 
foreign investment, still a relatively small number in terms of the total. 
SENATOR PRESLEY: Yeah, it seems to me that almost ••• 
DR. QUINN: That is a positive thing for us. 
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CHAIRMAN MONTOYA: Thank you. The next couple of witnesses, Dr. Ronald Cape, chairman of 
the Cetus Corporation from the Biotechnology Industry and then Mr. Scott Wylie from Raychem, which is 
an American Electronics Association group. I thought it was important that have an update in the 
different arenas. Some of us are somewhat familiar with what's going on, but perhaps again you can give 
us your own perspective and evaluation. Why don't you come forth. Yes, sir, thank you for coming. 
DR. RONALD E. CAPE: Mr. Chairman, Senator Presley, Senator Ellis, I am Ronald Cape, founder 
and chairman of Cetus Corporation of Emeryville, California. Cetus Corporation is one of the largest 
and most mature of the biotechnology companies which have emerged over the past decade to 
commercialize products developed using the profoundly significant new tools of genetic engineering and 
monoclonal antibody technology. 
Today, the United States is the undisputed leader in both basic and applied research in this exciting 
field. The U.S. holds dozens of Nobel prizes in this field, compared to fewer for Europe and either zero or 
one for Japan, a clear indication of our prowess in basic research. When I say either zero or one for Japan 
I am, of course, referring to the 1987 Nobel recipient, Dr. Susumu Tonegawa of MIT, a Japanese national 
whose professional life has been spent largely in Europe and the U.S. Dr. Tonegawa has made my point 
most eloquently, stated outspokenly here and in Japan over the last couple of months that had he 
remained in Japan it is unlikely that he would have won a prize. 
The United States also leads on the commercial application front. This is a telling tribute to our 
free enterprise system and the willingness of the American investor to provide risk capital for emerging 
companies. Something like 300 American companies are actively pursuing opportunities in 
biotechnology today. They are developing an awesome array of new pharmaceutical, diagnositic, 
agriculutural, veterinary, food and industrial products that will affect the lives of people around the 
world. Rightly, the benefits these products offer will accrue to Americans first, since it is they who have 
fostered the discovery and production of these products. And as these products reach world markets, 
Americans will benefit a second time in the form of employment opportunities, improved trade, and 
other economic rewards. 
Of course, this American success story is not unfolding in a vacuum. The potential of this 
technology has attracted serious world competition, especially in Europe and Japan. The race is on to see 
who can claim biotechnical preeminence at the dawn of the 21st century. 
A disproportionate part of the American success story is a California success story. Over 25 
percent of the aforementioned 300 firms call California home. We, at Cetus, are proud, of course, to call 
California home. In fact, most of the leading biotechnology companies call California home and other 
regions here and abroad struggle to diagnose and emulate the California formula. Why is this so? What 
confluence of circumstances has created this phenomenon? And, most pertinent to this hearing, what 
actions must be taken for this situation to continue or improve? 
Significantly, the basic research advances which opened the door to commercialization in 
biotechnology occurred here in California, at California universities. The leading edge science faculties 
in these universities have produced a continuing stream of contributions to fundamental knowledge in the 
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statistic in a business that is traditionally very international in character, where a colleague is as 
likely to hail from Oxford as from Harvard. So our concern for the vitality of California's 
educational system is very real. 
As Cetus makes the transition into a fully integrated pharmaceutical company, the relative 
percentage of degreed and particularly graduate-degreed individuals will decrease. our 
critical need will not always be for technically qualified individuals. While we are not concerned 
about the downshift in population and the reality of a smaller work force pool, we are concerned 
about the quality of that pool, particularly in terms of technical affinity and proficiency and, most 
importantly, scientific creativity. Our industry is currently experiencing shortages of biochemical 
and biomedical engineers, protein chemists, and pharmacologists; and we expect this lack of 
sufficient numbers of highly trained personnel to continue. 
Please note that my first two recommendations address directly improving the quality of the people 
product of our state's educational institutions. Next only to that in importance is the quality of the 
discoveries made in our state. So, my third recommendation is: 
3. We need to provide adequate funding for basic research in our universities and medical institutions. 
Basic research is a continuing long-term investment; the spigot cannot be turned on and off on a 
short-term budgetary whim. It takes a long time to set up a productive research laboratory and 
budget cuts can destroy years of work almost overnight. Yet the sustained investment of tax 
dollars in basic research yields some of the greatest returns of all tax dollars spent. The enormous 
progress in AIDS research today is not due to recent spending measures, but to the investment the 
taxpayers of the 1950s and '60s made. Unless they are exceedingly large, corporations cannot 
fund truly basic research, and no matter what their size companies will not fill the funding void 
created by government. Most government research funding comes from Washington, and 
California, as you know, has been successful in attracting a disproportionate share due to research 
excellence. The state must play a role in maintaining that excellence in addition to 
state research funding to the extent that that's possible. 
I will now address matters which, while worthwhile improving, are simply not in the same league as what 
I've already recommended. And I would be very distressed if attention were given to what I will next 
mention at the expense of what I've already mentioned. As they say in real estate, the most 
things are location, location, location; so in biotech, the most important things are quality research! 
quality research! quality research! But I do have a number of other things to mention. 
4. California needs to foster timely, practical interaction between its state universities and industry. 
Valuable collaborations can occur particularly when applied technology is invovled. Such 
relationships, properly handled, are a good deal for both parties. For the university, these 
collaborations help provide research funding and expand academic frontiers. Our counterparts in 
other countries such as Japan achieve these sorts of alliances in ways we can't copy, but we have to 
develop our own ways. In order for this process to work more fruitfully here, some business leaders 
need to develop a more realistic understanding of business imperatives. I'm sorry -- some 
university leaders. 
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simply won't do it. I would also like to add that my skepticism, and this comes from some 
experience, regarding rapid government responsiveness at either the national or the state level has 
led me to seek support for this initiative mainly from the private sector in both countries and that 
support seems to be forthcoming. 
7. Finally, and you may be surprised that it is last, AND it is least, on my list, we need to create an 
effective, workable regulatory environment that protects the citizen but does not cripple industry 
with unnecessary or redundant regulations. 
I raise this issue last, although you might have thought I would have done so first maybe. 
Regulatory systems frequently look good on paper, but many, in practice, add little to the safety of 
the public and put the business person at a competitive disadvantage internationally. Just in case 
it's possible that I'm being misunderstood, I think we do need regulation; we need regulation ••• 
CHAIRMAN MONTOYA: No, you're not being misunderstood by me. Let's find out individually. 
Are you misunderstanding? 
DR. CAPE: We need regulation. 
CHAIRMAN MONTOYA: Senator Presley, do you understand? 
DR. CAPE: I'm not suggesting that we ••• 
SENATOR PRESLEY: (Inaudible due to cross-talking.) 
CHAIRMAN MONTOYA: Reasonable regulation? Okay. 
SENATOR PRESLEY: Well, how about the airlines now we may as ••• ? (Laughter.) 
DR. CAPE: Existing regulations have been foolishly broken by workers in both the private and the 
public sectors during the past few years. That this has happened is simply deplorable, notwithstanding 
that no harm has resulted. The fact that no harm has resulted is no excuse. But itis ludicrous to conclude, 
as some have done, that the answer is more stringent regulations. Overly restrictive systems cause the 
diversion of resources to compliance with unnecessary rules, and delay the public's realization of the 
benefits of research. And I think one thing that's worthwhile stressing is that the beneficiaries of 
biotechnology are not as some people would have just the biotech companies. The beneficiaries of 
biotechnology are at the very least the people who will be the users of the products of biotechnology and 
in a secondary way, as I've already said, the economy generally, the people who hold jobs, the balance of 
payments, and a large number of other things; the environment, for example. State authorities should be 
careful not to create bureaucracies that are redundant to the federal effort. State leaders should also 
take an active role in making clear to our nation's leaders that Californians, who make up 10 percent of 
the U.S. population and a disproportion of high technology employees, are not served by federal 
regulatory systems that are not scientifically based, cumbersome, or lacking in clarity. 
I believe that these issues should become the competitive agenda for the State of California. 
Attending to them will ensure California's competitive position into the next century. Among these, the 
educational imperative, because of its pervasive importance and the long lead time for results in this 
area, clearly is the sector for immediate and sustained action. If these educational issues are addressed 
effectively, you might say that California's competitiveness will take care of itself, and biotechnology at 
any rate. 
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CHAIRMAN MONTOYA: A couple of points from your statement which I think are worth this 
committee restating: Your Recommendation 6, "California should contribute in a major way to the 
federal initiative to create a level playing field for U.S. companies abroad." I think again that California 
has a precedent of pioneering and then the Congress many times has followed. I think it is important, and 
the kind of thing that I envision that this committee can do is to document the doublespeak that we in 
terms of that competition. And I already just with the few trips that we've made I think see a 
differentiation of attitude and a genuineness to, for example, Taiwan and Korea, if we're talking about 
Pacific partners as compared to Japan in their real effort to create a real reciprocal opportunity for us. 
And I think that's the kind of work that we can document, because if you just go from election to election, 
it's very easy to get caught up in the rhetoric, which I do not believe is sustained by what we genuinely 
find; and that is, that there are immense barri~rs and though there have been many headlines made, there 
aren!t much changes coming, at least not in Japan. 
DR. CAPE: I'd like to encourage you, if I may just remark in that connection? 
CHAIRMAN MONTOYA: Sure. 
DR. CAPE: I'd like to encourage you to keep up those efforts because I think that there are good 
reasons not to see change immediately. After all, their game plan has worked very well for them for 35 
years; and putting yourself in their position, why be so eager to change unless there is real pressure? In 
addition to which, of course, it's only recently, as we saw in the first presentation, that their policies 
started to bankrupt their customers, so that there has to be change. They can't keep that up for 
another 35 years and they recognize that. 
CHAIRMAN MONTOYA: Secondly, you indicated about being involved in a program relating to 
these Harmony Fellowships. 
DR. CAPE: Yes. 
CHAIRMAN MONTOYA: I think that more people have to be made aware of that. And you in 
politics more than anything -- what do they say? -- success has a thousand fathers and failure is an 
So I am sure that as we're able to perhaps be of some assistance in that regard in at least making 
the aware that you will find more and more people wanting to get into that. And I think that 
opportunity has to be there, not just for the University of California, but for other of our private 
institutions that also do a very good job. So I thought it was noteworthy to mention it again. 
DR. CAPE: Thank you. I've been in touch with both sectors and I'll stay in touch with you as 
develop. 
CHAIRMAN MONTOYA: Thank you. Thank you very much. 
Mr. Scott Wylie, Raychem Corporation for the American Electronics Association. I remember 
Raychem on the New York Stock there somewhere right above Raytech. (Chuckles.) 
MR. SCOTT WYLIE: That's right. Hopefully, thrice • (Laughter.) 
Senator Montoya, members of the committee, in the interest of brevity, I would like to summarize 
some of the contents of the testimony that you have in front of you. There are some of the preceding 
comments that I don't need to repeat, although I agree with, and I think it might serve us aU well if I just 
to summarize. 
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MR. WYLIE: I think it's a question of reward and status. Engineers-- I mean, if you think of it-- a 
doctor, a lawyer, a profession. An engineer, although I think, you know,the human contribution is 
equivalent, if not superior, I don't think it carries the status in our society. That's a personal observation, 
I guess. 
SENATOR PRESLEY: Income -- are they comparable? 
MR. WYLIE: The highest paid doctors and lawyers, you know, I think clearly earn more than a 
highly paid engineer. Again, I can't g}ve you the numbers, but that would be my common sense, and the 
averages are probably different as well. 
SENATOR PRESLEY: Of course, you lay a lot of this to the doorstep of our educational system, 
and I suppose rightly so. But isn't a lot of it upbringing and parents and direction even before or during 
their school time? 
MR. WYLIE: You can't ignore the role of parents in this equation. You can't put it all on the schools 
and say it's .••• 
SENATOR PRESLEY: Because a lot of it sounds like what you're saying, a lot of it lack of self-
discipline, lack of buckling down, making yourself conform to doing a few things that you may not like but 
is necessary. Isn't that what a lot of it comes down to? 
MR. WYLIE: Sure. I heard once an educator reminiscing about the old days in the United States, 
the small community days, the farm communities, and when kids "misbehaved", it wasn't the school that 
d!alt with them, it was the community. When the community spotted them and took them home, you 
know, by the hand and let their dad know what went on with them. Well, that's not the community we live 
in any longer, even in microcosm. Quality in education comes from a number of factors, not the least of 
which -- in fact in my own mind, probably the most important of which is the role of parents in the 
equation. 
SENATOR PRESLEY: Yeah, I think that's the most difficult thing for policymakers or society to 
deal with. You can deal with the educational aspect, you know. You can enhance funding. You can up 
requirements. You can do a number of things like that. But the upbringing of kids, that's a parental thing. 
You start trying to doing anything about it and you get accused of interfering with the parents' right to 
whatever, whether it's to knock the kid around, whatever it is, to discipline. 
MR. WYLIE: On the policymaker side, and this is a thought off the top of my head, is that if we 
made it clear to our school administrators and our faculty that it was important for them to at least meet 
parents halfway in the equation or to go out of their way, even at the beginning to initiate it, to make sure 
that linkage between the school and the home, there's active attempt to form it on the school side and it's 
not left an activist PTA member to make it happen -- that could make a bit of difference. It will not 
change a parent who doesn't want to be a parent. But I think it will put some different forces at play. 
SENATOR PRESLEY: That's a good thought that I hadn't heard before, but that's ••• 
MR. WYLIE: I would not disagree with the drift of your sentiments at all. 
Finally, if we look at the post-secondary level, and this is true at K-12 as well from what I 
understand, we find many of our faculty positions who are filled by people who are not permanent faculty 
members. We currently have in the California engineering faculty realms a 22 percent vacancy rate; 
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The third program is the MESA , which is the Engineering and Science Achievement 
Program. It's a program at minority youth into math, science, and engineering 
disciplines and keeping them there. It starts at school and goes all the way through the 
University of California. It's an excellent program. It is successful in offering a of counseling, 
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SENATOR PRESLEY: You didn't foul up that RCC program .•• ? 
MR. WYLIE: No, I didn't foul it up. I was a participant in the foul-up. And I think the substance of 
it is we will go forward. We will go forward without swallowing it up, but I think we're going to have some 
people with their hearts in their throats for the next month or so. 
SENATOR PRESLEY: You sure have that happening •••• 
MR. WYLIE: No, I've talked with them at length during Thursday and Friday of last week. I don't 
think there's any doubt about the necessity of it. What happened is that the discussion hit a board. 
had a very poor sense of its overall commitments to capital spending statewide and a very poor 
understanding of how this would fit into that and, quite frankly, need some time to get 
Substantively, I don't think it's going to slow it down one iota. That's my guess. I don't see anybody saying 
they don't believe the need is there. I think that's more of a procedural issue with the board than a 
substantive one. 
SENATOR PRESLEY: This is an aside from the hearing, Senator Montoya. 
MR. WYLIE: Also, during the first part of this session, Sam F arr authored a bill, AB 27, which 
provided public funds to match private funds to encourage Ph.D. students to stay in school, receive their 
PH.D .s, and enter teaching in engineering disciplines. Again, signed into law but without funding. An 
idea which I think is worth trying out, and even worth trying out on a modest level. The American 
Electronics Association Foundation has raised $18 million over the last five years to support this kind of 
tivity, and our evidence is pretty clear as to when you've got a public sector match, the private sector 
money is a lot easier to come by. And there are other states now that have public sector matches in 
place. 
You've heard me talk about Peninsula Academies. I think one other program which is worth 
mentioning, which is familiar to you all, is the Employment Training Program, the ETP -- in some circles 
criticized for its reliance on employer-based training as opposed to community-based training. I my 
previous comments lead you to my conclusion. I think increase in human capability, wherever it occurs, 
is worth supporting. The benefit to our economy is clear. I think the ETP program is worth your 
continued support. 
Finally, broad-gauged, continue to support reforming K-12 and continue to support the focus on 
math and science in that institution. 
Thank you very much for allowing me to speak in front of you this morning. 
CHAIRMAN MONTOYA: Well, thank you for being here. I think there are a couple of comments 
that are worth interjecting at this point. I did serve for six years on the Assembly Education Committee 
and for the first two in the Senate, and I found it too frustrating. But I do retain some of the expertise 
that I think that we got there. The Legislature has, you know, and this Governor has been accused of not 
putting enough money into education, but I think this is an area where we definitely need to look at the 
re-prioritizing of how we're spending our money. Because the reality is we keep having those 
that we're beat over the head every year, with what place we're in, how much spending per student. 
The point is that we're at about $4,500 for every K-12 student. You ought to be buying a hell of a lot 
more education than you're getting. The reality is, the Superintendent of Public Instruction 
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SENATOR PRESLEY: Your corporation, for example, do you-- it would be interesting to know how 
many of the executives participate in local school board activity? Do they really interest themselves in 
what goes on at the local school board level? 
MR. WYLIE: It's a growing number, and it's a growing number out of a dissatisfaction, quite 
honestly. And what I find is that there are lots of longstanding linkages with the post-secondary 
institutions, the MITs, the Stanfords of the world. It's relatively newfound that you find activists at the 
K-12 level, but they are there. They're there not in the numbers I would like to see and not in the numbers 
I'd like to see for business at large. I mean, I am an oddity in terms of my participation with the 
community college board. I'm the only representative out of a manufacturing company, out of a high 
technology employer, sitting amongst those fifteen people. It's not smart. And you know, I've even 
criticized my colleagues in the industry for not knowing of the opportunity as readily as I would the 
process as a whole. And I think we're missing the bet in many, many places by not forming that kind of 
linkage. I hope to get some more in, quite honestly. 
SENATOR PRESLEY: I hope you're successful, because I think that would be very helpful. 
MR. WYLIE: I see my local trustees, interestingly enough. If you go look at the local trustees, 
you'd find local business people are the folks that make up a lot of those organizations. But on the state 
level, we peter out. 
CHAIRMAN MONTOYA: Well, thank God for that if it's happening. 
I think I should delineate our schedule. What our plan is to go until we conclude which should be 
sometime around 1:30. We aren't going to break for lunch, and it might not take that long because I have 
no idea how much testimony each of you had to make. I think it could be expeditious if again relating to 
what has been said this morning like you did to have the understanding that you're in agreement and then 
proceed so that we may have new and additional information. So with that, Mr. Wylie, thank you very 
much for your involvement. 
Thomas C. Boysen, County Superintendent of Schools, San Diego; and then next will be Susan 
Hackwood, Director, Center for Robotic Systems in Microelectronics, ~CSB. 
MR. THOMAS C. BOYSEN: Good morning, Mr. Chairman ••• 
CHAIRMAN MONTOYA: Yes, sir. 
MR. BOYSEN: My name is Tom Boysen. I am the San Diego County Superintendent of Schools as of 
September 15. 
Permit me to start with a story that illustrates my testimony. When I started teaching in Kenya in 
1964, accuroo fever was sweeping that country. The new president of that country, General Jomo 
Kenyatta, took that chant of accuroo and added a second important Swahili word for it which was kazi, 
their word for work. And he knew well that the survival of that country was going to require not only a 
commitment to freedom, but a commitment to work. And that's the take-off point that I have for looking 
at our California public education system. And the theme of my remarks will center on the work that 
gets done in those schools. 
I've been a teacher and a school superintendent in Washington State for three years; in New York 
for four; in Redlands, California for three years; and most recently, in Thousand Oaks, California for 
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schools are the equivalent of competitiveness. So that reemphasizes that academic core curriculum that 
a lot of the reforms in the last four or five years have tried to move us toward. 
The second question is, How do we compete right now? If you look at California students alone, 
there is really no way of knowing because the testing system that we have doesn't -- when people do 
research, they do it internationally. They take U.S. students versus Japanese versus Germans. So the 
information I have is relative to U.S. students. And it's not surprising, I'm sure you've heard this from 
other sources, that our students do not very well. 
For example, in one 1982 son on an internFJ test mathematics achievement for 
students in the 
of was 46 
the .S. students' 
the international mean was 
and the 
were 
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what we don't know as what we do know. And I will comment more on that in minute. 
We should look at what's this reform over the last four or five years, and I've 
compared some 1982 California Assessment data with some 1987. And I've the 
scores for reading, written you look at it that way, in the third the 
scores are up about 15 percent; in the sixth up about 7 in the eighth grade, up about 
2 percent; nnd in the twelfth grade, up about 2 also. The small in the twelfth 
scores s validated by the fact that the Scholastic Test scores for California seniors are 
up only about .fl of one percent during that . My conclusion from this is that we're doing a hetter 
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job in the third and sixth grades, even considering the larger impact there of the demographic wave that's 
hitting our schools. We're doing a better job in the elementary schools than we are in the secondary 
schools. 
I said a moment ago that it's important to know what we do not know. We don't know how California 
students compare to other states. We do not know how California students compare to other nations. We 
do not know whether high school students are better or worse at subjects such as algebra, 
physics, biology, chemistry, Spanish, U.S. history, civics, and other courses than they were five years 
ago. Because of the matrix sampling technique of the California Assessment Program, we do not know 
how any individual student performs. Can you imagine an airplane company that manufactured hundreds 
of thousands of planes each year, but was never sure where any one of them could take off? That's the 
situation we face each year with 300,000 public high school graduates in California. 
How can our educational system better prepare our future labor forc·e to provide the talent, skill, 
and creativity to our enterprises of the 1990s to be competitive in the international marketplace? I said 
earlier that I would focus on work. And first I want to talk about working smarter; that with more 
focus and more coordinated impact. 
When I started teaching in Kenya in the sixties, I expected to find myself in a backward educational 
system. It was true that not all of the African teachers in my school had four years of college and that 
textbooks we used were not up to date and that there was no teacher training. But the overall standard of 
was as good as one that I had experienced in California public high school. The equalizing factor 
was the Cambridge School Certificate Examination Program that was still in place from the British era. 
Students and their teachers were focused and motivated by these tests that determined so much about 
the future of each student and the reputation of the school. As a superintendent in New York State 
during the 1970s, I observed the impact of their regents' examination system. It too set high standards 
and held schools accountable. As a result, New York does far better than we do in California on 
Scholastic Aptitude Test. 
The letter of invitation to this hearing included a Business Week article entitled "The Push for 
Quality." That told how business uses careful process and product measures to improve its 
California high schools have few such measures and little ability to hold the superintendent, the 
principals, the teachers, the students accountable. For example, after five years of reform, we have 
general information about the skill level of our students and nothing specific about these critical 
performance areas in math and science. Most of the countries with which we compete-- the ones listed 
in your letter -- have external examination systems. California has a fledgling external testing 
available in the Golden State Examination Program authorized by SB 813 in 1983. The program has never 
been adequately funded to develop and implement the 18-sub ject area tests in its design. Only 
geometry, and U.S. history are available to districts, and fewer than one-quarter of the eligible students 
are being tested. Golden State should be fully developed and mandated for all eligible students. This 
could be accomplished for a fraction of the cost of one percent of the annual budg~t for schools. 
Working harder is another approach that we need to take. As it's been indicated earlier, students in 
other countries spend more hours in the day, a half an hour to an hour longer, and more days in the year, 
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MR. BOYSEN: My belief, Senator, is that we need both of them. We need the higher standards, the 
clearer standards; and we also really have to work at making-- engaging the attention of those students. 
Some of them probably won't be ready at that particular point in their life to stand up to it. But the 
way we organize high schools sometimes, an organization of 2,500 students is not going to be the best 
place for every individual; and I think that those basic reading and writing and mathematics and science 
skills can probably be learned in smaller organizations, and many districts are setting up such so 
that there's more of a personal, caring, supportive-type of environment there. So I think we 
need to take the risk; that is, to start off with the high standards and then use the creativity and 
that we have in our teachers and school board members and administrators to make it something aU of 
the youngsters can come up to or a much higher percentage than we currently have. 
SENATOR PRESLEY: Do you think in the present school system that we are exploiting -- that's 
kind of a back way to say it -- exploiting gifted kids enough? Are we really getting the best out of the 
gifted group? 
MR. BOYSEN: Well, I feel that the kind of program that's represented in these. external 
examination systems where there's a good stiff challenge in academic areas is one that is going to 
those gifted students along very fast. So I'd be more in favor of building up the academic program for 
everybody rather than promoting expansions in that gifted area. 
One of the bills that Senator Farr had and it was to promote the advanced placement examination, 
the taking of the AP test in the state-- this was a couple of years ago -- and I know that those AP exams, 
the number of test takers in the state has really skyrocketed in the last few years. So I think there is a 
technique for challenge in them and that it's growing in its use. 
SENATOR PRESLEY: It just seems that there is a pool of real brainy kids and it comes about 
they just got it and some don't, I guess. And they're going to be the ones that are going to do this research 
that we heard about this morning and probably going to be the leaders next year and down the and it 
just seems to me we are not challenging them enough, really keeping them up to the bar so to in 
getting the most out of them, and getting to them the best education so they can go out and 
these things. I know we have the gifted program and it's amazing at the opposition to that. I never 
understood it, that anybody wants to give a little extra emphasis to the gifted. Maybe that's not 
something that you need to respond to; that's more rhetorical, I guess. 
CHAIRMAN MONTOYA: Well, I think, Senator, the problem is that there have been statements 
made that it has led to a little bit of snobbism, if you will, and there are places also-- the feedback I 
back, that is what being in the gifted program does mean that you can do whatever you want. It's kind of 
this independent study. You go out and do what you want. So they're not learning anything extra. 
Additionally, as we do with every worthwhile thing, we try to kind of copycat to make sure each 
district has those kind of programs. And so in that regard, we've expanded the number. We started out 
probably with a good small number of gifted; but as I recall we've expanded those numbers just like we do 
with everything. As soon as we find something good, we think that everybody can have one in their own 
district. And it just does not work out that way. The dynamics of the situation are such that they don't 
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first engineering research centers that were set up in 1985 and our direct, specific mission from the 
National Science Foundation is to work with industry to increase international competitiveness in the 
U.S. marketplaces. 
The engineering research centers, as you probably know, started in '85, and it's the largest 
initiative that the National Science Foundation has done in engineering, education, and research to date. 
This is a quote from George Keyworth, who was the president/science advisor before-- during the 
of these centers: "The ERC's are our single most important initiative. They are the advance guard of an 
emerging new culture on campus, one that is problem focused, and one that recognizes the legitimacy of 
industrial research perspectives." So we were given very much the charter to go out and to try and 
change the culture in our campuses, to change our educational programs, and to change the way that we 
interact with industry to try and address these issues of competitiveness. 
Specifically, the technical goals of our center are: (l) to create new technology in flexible 
automation for the semiconductor device fabrication, the semiconductor industry; (2) to develop 
methods of transferring this technology rapidly and expediently to industry, and (3) to educate a new 
generation of students in a subject that. is absolutely critical to the development of manufacturing 
systems, that's robotic systems engineering. 
In setting up this program we were, first of all, brought into acute awareness of the need of 
developing this type of subject in the university environment, because the competition that we have with 
Japan, unlike the competition in biotechnology is extremely severe. In manufacturing, automated 
manufacturing and in robotics technology, we estimate the Japanese to be between five and seven years 
ahead of us. Basic research is done very well in Japan, in robotics technology. 
You have seen articles in the popular press that talk about the completely automated facilities that 
are present in Japan -- this is just an example -- from Mitsubishi Sager factory that has a new fully 
automated and integrated circuit facility. Japan has spent a lot of effort and time in examining the 
microelectronics fabrication facilities to take most advantage of automation. As it has been pointed out 
already, the cost of their labor is very high compared to other countries; and so, the investment in 
automation now makes a big difference to them, and they are considerably, a considerable number of 
years ahead of us in this area. 
So, in setting up our research program, our first premise was that the United States in general is 
weak in automated manufacturing technologies. We do basic research very well. We do not do 
manufacturing very well. If you go into any stereo store, any video outlet, you will not find an American 
machine for sale any more. Even if it has an American label on it, all the parts are made in Japan. The 
plight of the IC industry is probably familiar to all of you. We really have gone down the drain in our 
manufacturing capability. 
But why have we gone down the drain? -- this is our principal concern. We believe for three 
reasons: First of all, the focus on the subject area. What do we teach people? What areas do we do 
research in? And we are particularly concerned with the subject of mechatronics, that I'll go into in more 
detail and give you some examples of how that impacts us. The second thing is that we train people to 
invent things, but we do not train them to implement them in a system. We do not train them to get them 
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machinery in control, actuators, motives, electromechanical interfaces, sensors, robot manipulator 
control, mechano-optics, and manufacturing systems. And if you're looking at curriculum of any top 
school in this country, you'll have a hard time in finding any of these subjects being taught at a basic 
fundamental level. In fact, the perspective of mechatronics in this country is pretty bad. 
Mechatronics is very much left to the factory floor engineer. It's left for engineers to handle the 
subject and the universities will emphasize analysis and will emphasize the applied mathematics side of 
mechanical engineering rather than focusing on how to design a11d build machines. That's not a glamorous 
subject for our people to be teaching and it's not a glamorous subject for students to want to be taught. 
Mechatronics, on the other hand, in Japan is a highly prized degree that is studied in most of the top 
universities, and people come out with good Ph.D.s and go into the top manufacturing companies in Japan 
and start producing the next generation of machines that will then produce the sale here. 
Just a word to say how long this has been going on in Japan. Mechatronics actually started shortly 
after World War II when the departments of Precision Engineering, which were set up originally as 
departments of weaponry, had to change their name and start going into different areas. And so they 
started putting this wealth of people and this wealth of talent into Precision Engineering. Precision 
Engineering is the fundamentals of mechatronics, and it's from this, by adding computer-controll, that 
they've been able to develop this subject so adequately. 
An example of how this is taught, we interface a lot with the Japanese schools. This is an 
undergraduate program in mechatronics that's currently taught in the University of Tokyo and which is 
the top degree-granting department in the University of Tokyo, from which Hitachi, I know, and the 
other major IC manufacturers hire their students. And if you look at their curriculum development over 
a four-year course, they teach things that we don't even touch in schools. They teach things like 
development of geartrains, the anatomy of machines, the design of high-speed mechanisms, the design of 
multi-degree of freedom, robot manipulators. We don't even do that in graduate level; nevermind the 
undergraduate • 
. And this last one, for example, the design of a linear guide mechanism for semiconductor device 
manufacturing. So they're producing students at that level who have a knowledge of this type of subject 
area. And in many of our research programs that we have in our center, these sort of subjects are 
fundamental to being able to do not only good research, but in order to be able to produce people that are 
going to make an impact in the industry, in U.S. industry. 
So in having a knowledge of what's going on Japan vis-a-vis the development of these subjects, our 
educational program is something I would like to highlight to you. First of all, we need to develop a new 
culture in our educational program. The new culture should view manufacturing as an academic 
discipline. It's not a blue-collar activity. It's a discipline that requires intelligence and it requires 
putting our best people into the area. It requires a development of cross-disciplinary skills rather than 
having highly focused and highly individual departments in universities. We need to be able to pull people 
together. And we need to develop a culture where design synthesis and invention are viewed highly and 
not where analysis and applied mathematics is viewed highly. I sit in on many promotional cases for 
faculty and many selection committees for selecting students; and inevitably, people go on the grade 
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have in their own facility. We have research that is ongoing. This stays in our laboratory and we continue 
to research with the equipment here. It trains our personnel. It trains our students. And more 
importantly, it trains our faculty, who can then proceed to retrain people from industry and train the 
next generation of students in areas of critical importance that we do not have trained faculty for in this 
country at the moment. 
The bottom line is that real technology transfer occurs from Japan to us, and I think that's what we 
should be focusing on -- How do we get access to that information and bring the information into our 
facilities? 
This is a two-way process, of course. We have to get our people going over there as well, because 
we have to understand what their culture is, we have to understand their language, we have to be able to 
compete with them on the same grounds that they're competing with us. And so we need to be able to 
train our students to speak Japanese and to go over to their institutions. ·All these programs with the 
visitors that we've set up are exchange programs. The faculty and the students can go back with the 
visiting researcher and study in their own laboratory. That's beginning to happen. For example, the 
Electritechnical Laboratory, which is one of the top research laboratories in Japan, has just opened its 
doors this year for the first time to American engineers. 
An interesting side effect that has happened from this is -- these are some of the Japanese people 
from Europe that we've had over this year. An interesting side effect of this is that once we get top 
Japanese faculty over here, they usually want to stay. And we have a reverse brain drain. Of the six 
people that we've had this year, three have stayed; one of them has been hired as permanent faculty in 
our system. And that's a very good way of getting technology exchange and technology transfer. 
CHAIRMAN MONTOYA: I think you're pointing out what I had said earlier, that we did have some 
time in the sense that although those people may really be ahead of us in terms of where their money 
versus ours and what their power is versus ours, that idea of America in California still remains. Many of 
those people would still rather be here. That is what to some extent gives us that window of opportunity 
to still take advantage. We're still perceived as a good place to be. 
MS. HACKWOOD: Yeah, they still-- it's still the Number 1 place; the honeymoon, for example. It 
really is. And once we get them here, they are enamored with possibility of freedom of research in the 
universities, the chance to pursue things that they couldn't normally do in their own university. And it is 
a very good way of getting information coming over here. 
We also need to get our people over there, of course. That's the other side of the coin. 
CHAIRMAN MONTOYA: Now, that's more difficult. 
MS. HACKWOOD: That's much more difficult. But if by bringing them over here, we educate more 
people. 
So the bottom line of what I wanted to say is summarized at the end of the document that I handed 
to you, and it's this: We have a lack of competitiveness in these key industries. One of the principal 
reasons that we have a lack of competitiveness is we have a lack of know-how. We've lost our capability 
to be able to manufacture effectively. Japan produces a great deal more engineers than we do; there's a 
4:1 ratio of the number of engineers produced per capita in Japan compared to here. Engineering is 
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together. Here we think that there's a potential conflict of interest that's much larger between business 
and government and labor working together than are concerned about a national sense of purpose. 
MS. HACKWOOD. Yeah. Basically, we are not the leaders in all the technologies that we think we 
are. We should be humble enough to go with our heart in hand and say, "Gee, we don't know how to do this; 
can you help us, please?" 
CHAIRMAN MONTOYA: Thank you. Belle Cole, director of Research of Public Policy, University 
of California. We have three more witnesses. Thank you for your patience and fprebearance. And then 
we'll have Mr. Gourevitch and then Mary Walshok. How are you this afternoon? 
MS. BELLE COLE: Yes, I'm Belle Cole, director of Research in Public Policy in the Office of the 
President of the University of California. And I thank you for the opportunity to participate in the 
hearing. 
The University was pleased to provide you, Senator Montoya, with a copy of the University of 
California report containing information about academic programs and new initiatives related to the 
Pacific Rim. And that report was sent to you in September. We hope the members of the Select 
Committee have found this comprehensive account to be helpful; and if for any reason you want to follow 
through on any aspect of it, we would be glad to •••• 
CHAIRMAN MONTOYA: Rest assured that this committee will follow through on all of these 
things. We are not doing this to create additional paperwork. 
MS. COLE: Oh, I know. 
CHAIRMAN MONTOYA: As we've said, the committee has been expanded. And it is obvious that 
California must lead the way. 
MS. COLE: And Dean Gourevitch will be speaking to you more explicitly about the activities 
related to the Pacific Rim; and that is, the reason I'm saying this is that I'm not going to be speaking about 
the Pacific Rim issues in particular. 
A witness from the University who would have liked to have attended today is Aki Yoshikawa who 
from the Berkeley Round Table on the International Economy, the BRIE program; and he apologizes for 
not being present -- he's in Japan sick with the flu. Much of the work of this center, BRIE, is on the 
dynamics of Asian-American competition, and currently they are studying American competitivenes in 
skills, training, and education and they would be pleased to provide you with information or speak with 
you on these matters. 
I also wanted to mention that there will be a conference on what is called "Competitiveness and 
Caring" sponsored by the Institute of Industrial Relations at UCLA, and it will take place in the spring in 
Los Angeles. And among its topics are education and labor force dimensions of changing technologies 
and their public policy consequences. 
I want to emphasize that the major contribution of the University to the issues raised in your letter 
is through its normal role of educating and training men and women, particularly at the graduate level in 
the fields of science, technology, and the professions. And there is a great deal taking place throughout 
the University of interest to you. And I won't go into all of it, but I think that you know that every topic 
there is something where we have a contribution, that we are where we are doing things. 
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Another area that we're looking at is the significance of University policies governing University-
industry relations to expanded technology transfer. These policies pertain to what we regard as the 
safeguards for our involvement with industry: conflict of interest, health and safety, equity, protection 
of openness in research, and teaching in a context of proprietary interest, academic freedom, financial 
integrity of the University. And another area is the separate roles of the federal/state government in the 
technology transfer process. 
Well, one conclusion of this conference was that in many important respects the University is doing 
a good job in its relations with industry and in technology transfer. But very specific problems were 
identified with, and these problems that were identified are ones that Susan Hackwood emphasized, and 
I'll repeat them. They had to do with two things: One, that the relations were small- and medium-sized 
business and technology transfer may well be an issue that we need to look further into; and another one 
is the whole subject of manufacturing and manufacturing sizes. 
Well, in response to the conference, the University is establishing two internal task forces; one on 
technology transfer as it applies to small- and medium-sized business; and one on manufacturing. And 
these groups have separate charges, but generally, they are going to study the present situation, identify 
areas for improved cooperation, needed research and possible curricular changes • 
. Another area that was not dealt with at conference but is now thought to be an important basic 
issue pertains to access to foreign technology with special emphasis on the need for translation of foreign 
technical and scientific literature and foreign language training in science and technology. 
The University has been addressing the issues of University-industry relations directly since the 
early 1980s. The reports were completed and circulated in 1982, including the report of the project in 
University relations, which provided a policy framework for considering these relationships. A 
conclusion is that University-industry corroborations can result in great benefits to both parties, but only 
if there's a clear understanding of fundamental University policies and of the complementary but 
differing goals of the University and private industry. Subsequently, the University issued interim 
guidelines on University-industry relations that currently are under revision and will be reissued in the 
spring by the president. And we have a copy of those interim guidelines. 
So those are the overall context remarks I wanted to make. 
CHAIRMAN MONTOYA: Thank you. 
MS. COLE: Thank you. 
CHAIRMAN MONTOYA: Yes, I had missed that Lewis Strom, Industrial Liasion, Patent, 
Trademark and Copyright Office, University of California -- is he here? 
rv1S. COLE: Yes, he's here. 
MR. LEWIS STROM: Yes, I'm here. 
CHAIRMAN MONTOYA: Well, why don't you come on up? I'm sorry I missed you •••• Thank you 
very much, Ms. Cole. And we will be making additional requests probably from you on that. 
MS. COLE: Fine. 
MR. STROM: When I came, I did not realize that I would be asked to present any prepared 
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University in support of further research. The program is self-supporting and obtains no money from the 
state level. 
If you would like more detail in the patent activity, I'd be prepared to give that to you. 
CHAIRMAN MONTOYA: I think that perhaps for the moment that is sufficient, you know, 
again to what Ms. Hackwood just said. I think part of the problem in terms of this reorganizing or re-
educating is this idea that we as politicians face; and that is, it's gotten a lot of political to 
business bash and to talk about election reform and to talk about avoiding conflicts of interest. I mean, 
all of those things kind of have to be rethought out as we see how these other countries compete with us. 
And it's by virtue of a partnership relationship between business and government and not the adversarial 
situation that we've had. So that's-- you know, it's a very fundamental and very difficult responsibility 
for us, but we must, as I've said, somehow regroup. But you can make a lot of political mileage from what 
I just mentioned by business bashing and saying that you can't get together. 
So I'm sure that we'll also be doing more business with you as we check out these articles that we 
read all the time about the infringement of these kinds of patents and copyright that are going on 
other countries and how we try to get our Congress focused on how we do a better job of making sure that 
doing that there's going to be a price to be paid. But we have to protect our interest. So thank you. 
Mr. Gourevitch, Dean, University of San Diego Graduate School, International Relations and 
Pacific Studies; and then Mary Walshok. 
DEAN PETER GOUREVITCH: I'd like to correct one item, which is, I am at the University of 
California at San Diego, not at the University of San Diego. 
Mr. Chairman, Senator, and colleagues, in the interest of time I'd like to just shorten the remarks 
that I gave you. 
The things I'd like to talk about is the role of the University and the problems that we have 
concerning the internationalization of our economy. I think we all understand the extraordinary 
importance of the educational system as an ingredient of a strong economy, that the remarks that we've 
heard earlier this morning on Silicon Valley and other models and their relationship between "',..,, • .,,,,... .. 
technology, and a strong economy I think are at least well-known even if there are a great many issues 
about what to do in policy terms in the future. They're at the center of relationships that are extremely 
well understood. And I think we're used to appreciating the importance of highest technology in our 
economy and in meeting foreign competition. And I think less well understood, and I'd like to talk a little 
bit about, is the way other educational elements shape our ability to function effectively in the 
arena. In particular, I think we have to spend some time thinking about the importance of knowledge of 
the international economy itself, knowledge of foreign countries, knowledge of decision making in 
foreign countries, and knowledge of our relationship with the international economy as a skill that we 
wish to have in our work and population. 
Our economy and our security of our future are international. For much of our nation's history, we 
have been able to ignore that fact. It's quite clear that we can't do so anymore. I think the events of the 
last few months have sharply underlined this. The record plunge of the stock market on October 19 --that 
has many causes, but part of the answer surely lies in our trade and budget deficits, our dependence on 
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fragmentation by combining this training into one coherent well-focused program. Our students follow a 
course of study which combines managerial skills such as finance, accounting, and bargaining on the one 
side with a knowledge of international relations, decision making with foreign countries, and language 
studies on the other. Through internships we try to promote practical experience in jobs, and in that 
program, our goal is to prepare students for private and public sector careers by prov a new of 
student on the job market; one, a student who combines the managerial skills that we have 
with a knowledge of decision making, international relations in a foreign country. 
Now, the creation of this school by the University and with the support of the other institutions of 
the state is that one, perhaps the most important new initiative and more substantial new initiative 
nationwide in the international affairs area. We are the first professional school of international affairs 
in the UC system. We are only one of four such school west of the City of Pittsburgh. The United States 
has had some schools of international affairs, but they are traditionally on the East Coast formed to 
focus on the Atlantic region and formed with a somewhat different curriculum that 
diplomatic history rather than managerial schools. 
The school was formed a couple of years ago. We have enrolled our first group of students in the 
fall of 1987. They come, I'd say, most of them are from the State of California, about 80 percent are 
Californians. I'd say about one-third are interested in Japan; one-third, China; and one-third, Latin 
America. Average age, about 26-27. Most of them have had some work experience already. are a 
very interesting and exciting group of students to teach. 
So I think with this degree program and other degree programs that we are developing, our school 
will be one to contribute to the effort to develop professionals for the competitive situation of the 
eighties and nineties. 
Other goals of our school involve research and public outreach activity. By research, I mean 
developing the kind of expertise about the countries of the Pacific region that we need for the purposes 
of management of policy. And by a public outreach, I mean programming activities for the 
and for the specialized public about activities in this region so that we can contribute to the 
base of people in policymaking situations. 
These are then the major activities of the University of California in responding to the 
type of educational need, of having people who know more about the Pacific region. Other institutions in 
the state are playing a role of a different kind that I summarized in the remarks that I gave to the 
committee chairman. 
One point that I would like to emphasize before ending has to do with K-12. This is an 
extraordinarily important area for us as well. Since we take the graduates of the K-12 system, we are 
very aware of these needs. I think we've heard some very appropriate remarks about the math and 
science needs. This is also a problem in language and culture, as we all know that the earlier you start 
language training the better you are. So we want to take students into our program at the graduate level 
who have already done some language work. Now, we're already very worried about this because if they 
haven't done it in college, then we have to do compensatory training for them to do it. They really should 
be doing this in high school and in the grade school to prepare them for the college level work. So I think 
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supports efforts around the state to improve international in the K-12 area. And I think we are 
noticing the effects of this kind in various areas. show that language enrollments are rising 
everywhere. At the universities we have very interests in international oriented programs; career 
development offices report strong student interest in affairs. So we are noticing some 
effect. At the same time, in college has gone up 40 in three years, which it 
has; that's stilll6,000 students taking Japanese while students are taking French. So, you talked 
about re-prioritization. I think that this is your that we have to worry about. I think the 
problem we have is that the knowledge of countries has to be of as not as an elective or a 
frill, which I think is still overwhelmingly the way that we think of it. We think of this as something to do 
after this long list of technical that of of the future is having people 
think of this as an whatever their eventual 
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here in California is that with the passage of Proposition 63, there is going to be an awful lot of the 
mainstream population that is going to confuse our effort to teach people foreign languages with the idea 
that this is just kind of a backdoor approach to continuing the bilingual education. It's a consequence of 
our becoming an increasingly diverse state in terms of our ethnic groups. 
DEAN GOUREVITCH: It might -- since we are making references to our own children, which I 
think we of course feel strongly about the only way that I can get one of my children to be actually given 
Spanish instruction in our schools, the public schools, is that he is in a bilingual class which was not 
designed for him. But that is the only way he can get Spanish instruction is by being in the bilingual class. 
CHAIRMAN MONTOYA: Thank you very much. 
DEAN GOUREVITCH: Thank you, sir. 
CHAIRMAN MONTOYA: Final witness, Mary Walshok, Associate Vice Chancellor, Extended 
Studies and Public Service, UC, San Diego. Do we have that one right? 
MS. MARY WALSHOK: Yes. And I'll be fast, but I hope also introduce a few ideas and thoughts 
that haven't been discussed this morning. 
CHAIRMAN MONTOYA: Great. 
MS. WALSHOK: Your questions focus on a prepared labor force, and the labor force includes an 
enormous number of adults who are currently out there functioning as engineers, as schoolteachers, as 
doctors, as salespeople, you know, in the areas of finance and accounting. And what I would like to do is 
tAlk a little bit about the challenge that faces us with that constituency as a state and some of the 
exciting things the University of California is doing to relate lifelong to the educational needs of the 
labor force which in turn relates, I think, very directly to the issue of international competitiveness. 
Let me just begin with one sort of operating assumption that I'd like to challenge. I think that many 
educators traditionally, and perhaps the Legislature as well, has seen the University as fulfilling its 
responsibility to the economic development of the state and the state's labor force 
preparedness needs through basic research undergraduate and graduate teaching. The 
assumption is that through the orderly flow of graduates into the labor force and individually initiated 
faculty consulting, knowledge dissemination and the infusion of new ideas takes place. Increasingly, 
however, the University is realizing that this process is not as orderly and as comprehensive as we once 
thought it might be. That's in part because of the rapidity with which knowledge is changing. We can't 
wait for a generation of engineers. You've got to keep bringing engineers back to the University. 
A field like biology, teachers teaching in the public schools trained with one set or educated in 
terms of one set of principles in biology find themselves ten years later not up to date in terms of what is 
happening in the field of biology. A second thing that is challenging that assumption is the volatility of 
labor market cycles, by which I mean as demography changes and other shifts take place, the demand for 
certain kinds of workers, let's look at teachers again, may rise or fall. And if we depend only on the 
graduates that are coming out, we may lose, as it appears we may have, a whole generation of talented 
people for the teaching labor force just at the time we find ourselves wanting more language teachers, 
more math teachers, more science teachers. But the absence of jobs in those fields directed many of 
those people ten years ago into other fields. So the question is, can the state, can the University do 
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are there things that we as a state, hand-in-hand with our institutions of higher education, can do 
to assure an updated, constantly renewed, and when retrained labor force? I think the answer is 
yes and I think there are some fine examples throughout the UC that address this need. And what 
I'd like to do is very briefly give you four or five programmatic examples of programs right now in place in 
the area of science and technology and then two or three in the area of international issues, because 
those seem to be the two themes that have characterized the discussion this morning. 
Beginning with the whole area of science of I mentioned the half life of the knowledge 
of a trained engineer. It's something like five years now. And it is just commonplace that an engineer, 
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opportunity for them to develop leadership and management skills. And the University has a way of doing 
that. 
You are also seeing around the state, and I refer to my own campus as an example, a focus on small 
business development in the high tech sector. We at UC San Diego have a program called Connect. It's a 
program in technology and entrepreneurship. And it's goal is to take the next step after the technology 
transfer process, which is asking how do we manufacture a product and ask, how do we set up a business 
that can produce this product and sell it in an international marketplace. It's geared to small company 
entrepreneurs in the scientific, engineering, and biomedical communities. It's been fabulously 
successful. It's been written up in many magazines. It's entirely supported. It has a $350,000 budget 
annually, entirely supported by business and the private sector. But it's focus is long term, that the 
economic development and job creation objectives of this region depend on the growth of small viable 
companies. And it's the interaction of the scientific and business community around small business 
development that can make that happen. So the Connect program has a component of research briefings 
and sophisticating the business community; in other words, we do need the researcher breakfasts for 
lawyers, accountants, and bankers. They need to understand technology at the same time that we're 
doing management education for the scientists and engineers that need to know more about developing 
businesses. This is a model program. It's being copied in states like Oklahoma and Illinois, and it is an 
example of the sort of thing a university can foster in support of our economic competitiveness 
objectives. 
Finally, on the science and technology side, I would like to underscore the teacher education issues 
that have been raised in practically every presentation this morning. We've talked about the need for 
children in elementary and middle and upper school to be better prepared in math and science. But if the 
teachers themselves suffer from math anxiety, understand only how to teach biology, have never had a 
college level biology course, which is the case at least in San Diego County of 95 percent of the 
elementary school teachers, we have to ask what role, what initiatives are we as a state going to take to 
re-educate and upgrade the skills of our teachers in math and science. Here again the University is 
taking major initiatives. You've heard of some of the programs. But most of them are funded by the 
federal government, so that we at UC San Diego have about $2 million in National Science Foundation 
funds to underwrite the teaching of, you know, of bringing teachers back to the University in the 
summers and year-round, not for courses on how to teach, but for courses in mathematics and biology and 
geology and marine sciences, which they then in turn can take back into the classrooms and hopefully 
motivate and educate their children. 
And I would urge that as one looks at professional teaching standards and funding for teachers, that 
we think constantly about their need just as doctors and engineers have to constantly re-educate 
themselves in substantive fields. 
Let me just say a brief word about international issues, because I do think that these are telling. 
have shared with my colleagues that there may be more adults enrolled in Japanese and Chinese course in 
the University extension program than there are undergraduates on the UCSD campus. Again, working 
adults today, many of them in business and industry, recognize the need for foreign language acquisition. 
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And public school teachers are also, many of them, returning for foreign language skills. And so the 
emphrwis on fornign is, I think it's important and I share with my colleagues the desire that my own.son 
drwnloped necond language skills early in life. I think we should alno be optimistic and hopeful that 
programs th::~t are geared to helping engineers or educators or business leaders at later points in the life 
cycle to develop language skills and cultural sensitivies can be successful. 
A second thing I would like to share is that exchanges -- Dr. Hackwood talked about exchanges 
between engineers. There are increasing examples of professional exchanges. And in talking about the 
Pacific Rim, I've been intrigued by that fact that we've primarily focused on Japan and Korea and Taiwan 
and yet we live in California and Latin America is a very, very significant -- and Central America -- are 
very significant reference points if not perhaps in terms of trade, certai"nly in terms of broader social and 
political issues. Educational exchanges between teachers in the public schools, by which I mean 
elementary and secondary schoolteachers, in Latin America as well as hosting visitors from Central and 
Latin America in our own country might go a long way to increasing cultural understanding, enthusiasm 
for different cultures, and infusing the curriculum in the public schools. And I do feel that that may be 
one of the highest priorities we face; and that is, to internationalize the curriculum in the public schools. 
Tho schools, as best I understand it -- I have one son who is just moving through the system right 
now -- but it appears that topics of international content are in a little module by itself. There's world 
cultures over here. And then when you read literature and poetry or you learn history, basically you learn 
United States and European history. I think there is an opportunity to, again, through teacher education, 
to expose the children of this state early on to world literature, to world history, to the societies of the 
world, by having as an integrated part of every classroom experience an international perspective. And 
that's not what Allen Blume would argue for, by the way. But I would suggest that there's much that we 
could do to help prepare already well-trained teachers who just neverhad the opportunity to read Latin 
American literature or study the history of Asia. When they went through our colleges and universities, 
the professors didn't think that was a critical part of their curriculum. 
So in conclusion, I would like to urge your committee to think not only about the beginning of the 
pipeline, but leiter on in the pipeline, that there are people in the labor force, there is much that can be 
done to make them more effective and more competitive. And through programs such as our professional 
school, continuing education programs and our University extension activities, we attempt to serve those 
needs. 
Did I talk fast enough? (Laughs.) 
CHAIRMAN MONTOYA: It was very good and very inspiring and very relevant. I was just thinking 
when you mentioned Allen Blume-- on the way out to the Pacific Rim countries, on this last trip, I bought 
his book. I have not had an opportunity to get into it more than twenty pages, but it's going to be 
interesting to read his perceptions. 
I think we've covered a tremendous amount of subject matter and I really think that the important 
thing was for us to make ourselves aware of what is going on out there. Again, what were the 
perspectives? And what the current evaluations? I think one of the things that we have in this society is 
that we always do have a tendency to look, to have a lot of people and a lot of institutions looking at a lot 
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of things. The problem and the constructive criticism I've always had, no matter what I've been doing in 
the Legislature, is that we go out there and we talk about these things and then we proceed to do nothing 
about them. And I hope, again, that it's the noble goal of this committee that we will proceed forth once 
there's been a survey of what's going on to make sure that we are helpful in making these things happen. 
And I don't have any doubt that the California Legislature is still in the position not only to impact, but to 
lead what I think our Congress is no longer capable of doing. 
Senator Presley, as vice chairman, did you want to make a final comment? Thank you very much 
for your participation. 
SENATOR PRESLEY: Well, I certainly don't want to indict the United States Congress. I wouldn't 
want to do that. But I really want to commend this witness. I think she's got a very broad general view of 
the problem, and you have a lot of enthusiasm, and I hope you can convert that into some results. 
You kept using the word "one world" and studying all the world history and world culture. It kind of 
reminds me, I guess, of what we've been reading more and more about all the time; and that is, with 
electronics like it is today and with international finance and now languages and jet travel and all of that 
stuff, we are fast becoming, it seems to me, one world. A lot of people won't want to hear that. Montoya 
is probably secretly in his mind already formulating his campaign for world president. (Laughter.) That 
really seems to be where we're going. And who was it? Mary Walshok, I think, hit it on the head --
educationally and almost every other way, we have to start thinking in those terms and really preparing 
for that, like it or not. 
CHAIRMAN MONTOYA: Thank you very much for your patience and your contribution. We stand 
adjourned. 
---oOo---
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1 
3 
3 
2 
(American Assoc. of Collegiate Registrars & Adm. Officers --
~ Phillip Gannon) 
CALIFORNIA 
7% (1985) 
to age 16 
69% 
31% 
57.8% 
1 
1 
1 
3 
0 
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CALIFORNIA POPULATION TRENDS 
The population of the State of California passed 25 million early in 1984. 
The Population Research Unit of the Department of Finance projects that, in 
the year 2000, the State's population will have increased an additional 
one-quarter to 31.4 million. At the same time, other parts of the country, 
notably the northeast, will continue to decline in population as a result of 
net migration from east to west and from north to south. 
SOURCES AND RATES OF POPULATION GROWTH 
About half of California's population growth over the next 15 years will 
result from natural increase (from more births than deaths) and the other 
half from net in-migration (from other states and from other countries). 
Undoubtedly, the largest proportion of immigrants from other countries to 
California will come from our immediate neighbor, Mexico, where the popula-
tion bas grown from 15 million in 1920 to 70 million currently and will 
likely double by early in the next century. Despite continued in-migration, 
however, California's total rate of population growth from all sources is 
expected to be less in the 1990s than in the 1980s: 1.2 percent per year, 
compared to l. 8 percent per year. 
While California's total population is expected to grow by more than one-
rter the end of the century, the number of 15- to 24-year-olds, who 
rise the school-college cohort, will increase only 5.3 percent. 
1985 to , in fact, this cohort will decline in numbers by 8 .l 
before increasing 14.6 percent from 1990 to 2000. So while the 
on of the State will consistently increase over these 15 
years, the age cohort of most interest and importance for postsecondary 
rs will first run counter to the general increase and then outstrip 
it. As a result, the gross outlook for postsecondary education is an appre-
ciable relaxation of enrollment pressure over the remainder of this decade, 
followed by a recovery to unprecedented levels by the end of the 1990s. 
However, as the remainder of this paper will point out, postsecondary educa-
tion must look beyond these gross numbers to the important factors of popula-
tion composition and distribution as well as changing societal needs, all of 
which will affect the types and levels of education to be provided. 
DISTRIBUTION OF GROWTH AMONG 
CALIFORNIA'S METROPOLITAN REGIONS 
Table 1 on pages 4-5 shows the total population and the 15- to 24-year-old 
cohort ected to the year 2000 for eight metropolitan regions of the state. 
I 
FIGURE 6 Number of Graduates from California Public High 
Schools, Academic Years 1961-62 Through 1983-84, 
and Projected, 1984-85 Through 2000-2001 
3so,ooor-----~---------------------r---------------------2000 
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Source: Table 10. 
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1988 
261,34 7 
1991 
233,013 
PROJECTED 
199"' 
327,323 
1 
~ 
Number of Graduates from California Public High Schools, ~ . TABLE 10 .. 
Academic Years 1961-62 Through 1983-84, and Projected, 
1984-85 Through 2000-2001 
Indexed 
Academic Year Number to 1979-80 
Actual 
1961-62 160,000 0.62 
1962-63 165,000 0.64 
1963-64 172,000 0.66 
1964-65 202,000 0.78 
1965-66 227,565 0.88 
1966-67 242,000 0.94 
1967-68 253,000 0.98 
1968-69 255,000 0.99 
1969-70 265,000 1.02 
1970-71 280,881 1.09 
1971-72 282,794 1.09 
1972-73 290,734 1.12 
1973-74 285,862 1.11 
1974-75 285,016 1.10 
1975-76 289,259 1.12 
1976-77 285,272 1.10 
1977-78 278,401 1.08 
1978-79 278,562 1.08 
1979-80 270,499 1. 00 
1980-81 258,665 0.96 
1981-82 250,257 0.93 
1982-83 251 ,873 0.93 
1983-84 247,838 0.92 
Projected 
1984-85 244,545 0.90 
1985-86 240,520 0.89 
986-87 245,988 0.91 
1987-88 254,955 0.94 
1988-89 261,347 0.97 
1989-90 254,802 0.94 
1990-91 238,510 0.88 
1991-92 233,013 0.86 
1992-93 238,217 0.88 
1993-94 241,754 0.89 
1994-95 248,761 0.92 
1995-96 261,810 0.97 
1996-97 269,412 1. 00 
1997-98 288,055 1.06 t 
1998-99 306 '525 1.13 
1999-2000 320,217 1.18 ~ 
2000-2001 327,323 1. 21 •. 
·-' t 
Source: Population Research Unit, California State Department of Finance, I 1984. 
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TABLE 6 Racial/Ethnic'Minoritg Population as a Percent of the 
Population of California's Major Cities, 1970 and 1980 
Percent Minorit~ Total 1980 
California City 1970 1980 Population 
Los Angeles 37~ 52~ 2,966,850 
San Diego 19 31 875,500 
San Francisco 37 48 679,000 
San Jose 21 36 629,400 
Long Beach 13 32 361,300 
Oakland 47 65 339,300 
Sacramento 27 38 275,700 
Anaheim 9 24 219,300 
Fresno 26 37 218,200 
Santa Anna 28 56 203,700 
Riverside 17 26 170,900 
Huntington Beach 6 15 170,500 
Stockton 36 43 149,800 
Glendale 10 26 139,100 
Fremont 13 25 131,900 
Torrance 9 21 129,900 
Garden Grove 8 22 123,300 
Pasadena 27 45 118,600 
San Bernardino 34 43 117,500 
East Los Angeles 88 96 110,000 
Oxnard 39 57 108,200 
Sunnyvale 14 25 106,600 
Modesto 8 17 106,600 
Bakersfield 27 29 105,600 
Berkeley 34 36 103,300 
Concord 6 14 103,300 
Fullerton 9 21 102,000 
Source: Kasarda, 1984, p. 28-29. 
Aa Table 7 shows, while the rate of progress toward plurality varies with 
assumptions about birth rates and migration, the direction is clear. The 
white non-Hispanic component will shrink toward 50 percent. The Bl~ck. 
component will remain a constant proportion. In relative terms, .A11n.an 
growth may even outstrip Hispanic growth, but in absolute terms the 1ncrease 
in the number of Hispanics will be more than twice the increase in the 
number of Asians. 
TABLE 7 Percent Distribution of California's Population Among 
Najor Racial/Ethnic Groups, 1980 to 2000 
Racial/Ethnic Higher/Lower Alternative* 
Group 1980 1985 1990 1995 2000 
White 66.6/66.6 63.2./64.2 60.6/62..5 57.6/60.2 54.8/58.2. 
Black 7.5/7.5 7.4/7.6 7. 4/7.7 7.2./7.6 7.1/7.6 
Hispanic 19.2./19.2. 21.6/20.7 23.6/21.7 2.5.9/2.3.2 28.1/24.4 
Asian and Other 6.7/6.7 7.8/7.5 8.5/8.1 9.3/8.8 10.0/9.8 
*Higher alternative assumes higher but declining fertility ratios for Hispanic 
women and higher foreign immigration to California as opposed to internal 
migration. 
Source: Center for Continuing Study of the California Economy, 1982. 
IMPLICATIONS FOR POSTSECONDARY EDUCATION 
The importance of these trends for postsecondary education lies in the 
historical differences in educational participation and attainment among 
ethnic groups. Blacks and Hispanics have historically completed fewer years 
of school than the population as a whole. There is some evidence that young 
cs are closing the gap in high school completion, but Mexican-Americans 
trail other Hispanic groups in this trend. Beyond this, Black and Mexican-
American high school graduates tend to score lower than the general population 
on standardized tests such as the Scholastic Aptitude Tests, indicating 
poorer college preparation. In contrast, on all of these indices, Califor-
nia's Asian population outperforms the general population of the State. 
The high attrition of Black and Hispanic youth at all points along the high 
school-college continuum is cause for concern. Among Black and Hispanic 
eleventh graders in 1979, 35 and 31 percent, respectively, failed to graduate 
by .June 1981. The underrepresentation of these minorities in four-year 
public colleges and universities increases with each succeeding level. Here 
again, the Asian representation exceeds the average. 
The growth of the Hispanic and Asian populations will not affect all seg-
aents of California postsecondary education nor all institutions equally. 
The severity of the ethnic shift. for the State and for regions of the State 
will depend in large part on a complex set of public policies and personal 
choices that determine a population's migration. 
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-WORK FORCE 2000 
"The quest for excellence into the 21st century begins in the 
schoolroom, but must go next to the workplace. More than 20 
million new jobs will be created before the new century unfolds, 
and by then our economy should be able to provide a job for 
everyone who wants to work. We must also enable our workers 
to adapt to the rapidly changing nature of the workplace . ... " 
Prestdent Ronald Reagan 
St:::Ite of the Union Address 
January 27, 1987 
" . . . . the job creation capability of this country is so awesome 
that we have, in the next seven or eight years, a chance to 
deal with societal problems, such as youth unemployment 
minority unemployment .... The job demand is going 
to be enormous. The demand for people with skills is 
going to be huge. And the question is, do we have in place 
the systems, the processes, to provide these skills?, 
Secretary of Labor William E. Brock 
in The Wilmington Post 
December I, 1986 
-us DEPARTMENT OF LABOR 4> 
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Int~oduction 
Certain critic3l labor market tre s wi 1 have a profound 
impact on our society over the next 15 years. Without appro-
pri3te steps by the private and public sectors, these develop-
ments could have serious consequences for our economy and society. 
Yet, if properly addressed these rends ff r o rtunities to 
enha~ce our P~onomic competitiveness and solve long-standing 
soci~l proble s. 
~his fact sheet outlines these critical trends, their 
possible consequence~ and the opportunities they present, and 
their implications for major sectors of our society. 
Work Force 2000 Trends 
0 The population and the labor force will grow very slowly 
over the next 15 years. 
0 
shrink. 
The rates of increase will be slower than at any time 
since the 1930s. 
By the year 2000, the work force will be increasing by 
only 1 percent annually -- one of the lowest annual 
rates in the Nation's history. 
The pool of young workers entering the labor market will 
The number of young workers will decline both relatively 
and absolutely~ workers aged 16-24 accounted for 20 
percent of the work force in 1985, but will decline to 
16 percent by t r 2000. 
0 However, the r ion of t e th labor rce that is 
minority will increase substant ally. 
By 1990, one out of five new la r 
a minority youth. 
rce entrants will be 
0 With the decline of wor ers the aver e age of 
the work force will rise significantly. 
The average e of t e work rce will increase from 35 
today to 39 in the ar 2000 
This aging will be entirely he result of increasing 
numbers of middle-ag workers (ages 35-54); the 
proportion of older wor ers (55 and o er) will 
actually decline from 13 to to 11 percent. 
~ore women will enter he work 0 c 
of increase will taper off. a though the rate 
t e year 00, p rox mate 
force will be women. 
47 rcen of the work 
- Sixty percent of working age women wil,l be at work. 
0 
r. the 
Imm1grants will represent t e argest share of the 
population and the work rce s nee World War r. 
increase 
While precise estimates r not possible, approximately 
450,000 immigrants (750,0()() if illegals are includen) 
are ex~~cted to enter the country each year over the 
next 15 years. 
This would add 4 million 
the workforce during this 
6 8 million immigrants to 
riod. 
o Most labor force growth hr h the ar 2000 will come 
rom groups in the population that ve traditionally been under-
tilized and suffer from labor mar et problems. 
Women, minorities and immigrants will account for more 
than 80 percent of the net additions to the labor force 
between now and the year 200 • 
0 On the demand side, there will be significant geographic 
and occupational shifts in employment during this period. 
0 Regional shifts in emp nt are expected to continue, 
w~th g eater growth in the South and West and slower gains in 
:. e Midwest. 
Labor supply and demand are likely to be imbalanced in 
many regions. 
Geographic areas dependent on single firms or industries 
will be most vulnerable to employment decline. 
o Jobs will continue to shift from goods-producing industr es 
:c the service sector. 
The Bureau of Labor Statistics projects that 90 percent 
of the new jobs through 1995 will be in services. 
Only 8 percent of new jobs will be in manufacturing. 
0 Res9onding to technological change and employers' needs 
to meet increased international competition, many new and existing 
JObs will require higher levels of analytic skills. 
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Skill requirements will change more rapidly, with a 
h1gher premium placed on cognitive and reasoning skills. 
~he level of workplace literacy required will, on average, 
continue to rise he mere ability to read and write. 
~he rapid turnover and change of industries and firms 
will require workers to adjust more quickly and more 
often, with some changing jobs five or six times during 
their worklives. 
Consequences and Opportunities 
0 As a result of the convergence of these tre~ds in the year 
2000, the labor market and the workplace of the future will be 
substantially different from what we have at present. 
o Most importantly, between now and the year 2000, labor 
markets may be tighter than at any time in recent history. 
As a result of a diminished rate of labor force growth 
and a smaller pool of qualified workers, particularly 
at the entry level, some employers may face skill 
shortages. 
Employers could respond to this situation by exporting 
jobs overseas, bidding up wages for qualified workers, 
investing more heavily in automation, or spending more 
to train and educate new employees. 
0 These developments could present a unique "window of 
opportunity" to solve the lems of groups with long-standing 
labor market problems. 
The shorte hi ue 
in large part, of minorit es, 
and women. 
ar 2000 will consist, 
icapped, immigrants 
Tight labor markets --
should result in hig r 
training opportunities 
rt cular r workers --
es and more ring and 
r less well-prepared workers. 
This offers the potential for significantly narrowing 
the occupational and earnings gaps that have separated 
specific groups in t population from the mainstream. 
It also holds out the sibility for reemploying dis-
placed experienced work~rs in new and emerging occupations. 
0 To capital1z~ on this "window of opportunity" both 
cult~ral Jnd structural issues must be addressed. ' 
;lt~ough t1ght labor markets promise to make ~obs more 
3V3~lable for qualified indivtduals, many wor~ers will 
~ave great d1ff1culty taking advantage of the opportunities. 
JLsadvantaged 1nd minority youth, who will constitute 
an :ncreasing share of the future work force are more 
likely to be functionally illiterate, to dro; out of 
school, to become pregnant as teenagers, or to abuse 
drugs and alcohol. 
~any young people have grown deeply cynical about the 
utility of education, and see little value in acquiring 
basic reading and numeric skills. 
0 These cultural and attitudinal problems among young 
people are compounded by structural problems that prevent other 
groups of the work force from being utilized fully. 
While progress has been made, women still tend to be 
channeled into traditional female-stereotyped occupa-
tions. Adequate child care is still not generally 
available, and r.igid work schedules continue to act as 
barriers to greater utilization of working women. 
Emerging technology has greatly facilitated the entry 
of handicapped persons into the work force, but this 
human resource remains greatly underutilized due to 
discrimination and inadequate education and training. 
:mmigrant workers are typically high in motivation and 
can be valuable additions to the work force but need 
training in English -- and frequently in other basic 
skills -- to be employed most productively. 
Experienced workers displaced due to technological 
changes and other factors are well-motivated and oriented 
to the workplace but may lack the analytic, verbal and 
computational skills necessary to make the transition 
to high-demand occupations in information and service 
industries. 
Older workers, who will comprise an increasing share of 
the nation's work force, are likely to be less flexible 
and adaptable while the nation's economy continues to 
undergo rapid change. Workers over age 35 are less 
likely to move, to change occupations or to undergo 
training than younger people. 
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Over the next ft een ye6rl. ~he rtcan workforce and the economy 
w111 ~~ shaped by ffve fundame demogr~h1c "facts"r 
0 Ibo populottOD Md the !OrAfCUO:CI w1ll QCQ'! more $]0'11))' tbM. At 
AOY ttmo s1pce the 1930's. 
!he ayerage age of the oogulatton and the workforce •tll rise~ 
and the pogl of yoyng workers entectng the laboc market will 
shrink. 
~gre romeo rtll enter th~ rpr~force, altboygb,tbe rate gf 
increase wtll taper off, 
o Htnor2t2ts w1ll be a larger sbact pf ner entraots 1nto tbl laboc 
fgrce. 
Immigrants y11J reortsent the largest sbara of the 1necgase 1n 
the pooulat1o~ and the workforce s1nce the first Wotla War. 
To understand how the econany and the workforce wn 1 be affected by 
these trends, 1t is important to examine them 1n deta11. 
A. Slorh Gaming_ pggu]at1gn aod Workfoa:t 
1.. Popu]atfon Grmrtb 
By the year 2000, the u.s. ation w111 re~ 268 m1llton, an 
increase of 12 percent over the 239 m111ion U.S. residents in 1985. (See 
Table 1> 
1970 
1980 
1990 
2000 
Table I 
U.S. Popu1at1on·Growth, l95Q-2000 
OU1Hons) 
Total 
203.2 
226 .. 5 
249 .. 2 
267 .. 5 
1 
0 
24 .. 0 
2 
22.7 
3 
Compared To Previous Census 
Source: u.s. Bureau of the s, Decennial Censuses and Current 
Population Reports, Series P-25, N. 937, Table 1. 
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2. Ine Labor force Gro•s More Sl C'I]..X 
The slowing growth of the popula 
growth of the )abor force. Between 
force w111 grow by about 17 percent, 
m11l1on. <See Table III) 
Total 
1950 62.2 
1960 69.6 
1970 82.8 
1980 106.9 
1990 122.6 
2000 BS.O 
1 
Sources: Bureau of labor Statistics, 
Table 4, and Unpubl1shed Data. 
11 a1rrored by the~ reduced 
the ye1r 2000, the labor 
114. •illton to 134.95 
I l 
Gain From Prev1ous Period 
9.5 
7.4 
13.2 
24.1 
15.7 
12.4 
andbook of Labor Statht1cs, l9t5S, 
Although the labor force 
population gains (due to the 
work) the trend is the same: 
slower rate than at any time 
gains are proportionally greater than the 
increasing fraction of the population at 
the labor force w111 be increasing at a 
since the 1930's. (See Table IV) 
Table. IV 
The labor Force wnf Grow More S1CIIIf1y 
<Average Annual Percent Gafn 1n the labor Foree, 190D-2000) 
1900 1910 1920 1930 1940 1950 1960 1910 1980 1990 2000 
2.47 3.13 o.9o 1.11 o .. 86 1 .. 13 1 .. 13 l.ts 2 .. 92 1.47 1.oo 
Historical Statistics 
, 1es 1-25; Bureau of 1.. 
1sties, Table 4: Bureau of Labor 
United States, Colonial Times to 
st1cs, Handbook of Labor 
sttc:s, Unpubltshed Oata. 
In contrast to their potential gnificant impact on population 
s, fert11tty and ceath rates could not s1gn1f1c~r~t1y affect the size 
of the labor force over the nect 15 years, s1nce they would mostly affect 
11dren and the aged who w111 not working 1n any case. Immigration 
changes 1n labor force participation, however, could have 1arge 
1mpacts. For example, a strong ,economy could pull acre workers 1nto the 
labor Nrket or international unrest could swell the ru.mbeMS of 1l1egal 
a11ens seek1ng jobs; conversely, a weak economy, growing des1res for early 
retirement, renewed emphas1s on child care by stay-at-home parents. or 
drast1c border c1os1ng legislation could a11 reduce the size of the labor 
force. 
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s. 
1920 1930 1940 
28.1 26.5 .l 30.2 
Source: U.S. Bureau 
P-23· No. 138. Table 
the 
e V 
is Grow1 
) 
r 
rent Popul 1on Reports, Series 
Most of this aging w111 e t of huge increases 1n the nunbers 
of m1dd1e-aged Amer'c:ans. Between 1986 ~nd 2000, for example, the number 
of people between the ages 35-47 will Jump by 38 percent, and the numbers 
age 48-53 wt11 leap by a stagger1n9 67 percent, compared to overall 
population growth of only percent. 
On the other hand, the popu1at1on over age 65, wh1c:h 1s sometimes 
~ssumed to be growing rapidly as part of the national aging trend, w11l 
actua11y grow more s1ow1y for the ba1anc:e of the century than it has 1n 
recent years. <See Table VI.) Maturing, rather than aging may be the 
best description for the popu1at1on trends of the next 15 years. 
e VI 
The Population Over Age W111 Grow More Slowly, 1985•2000 
(Millions, Percent) 
0 
1960 
2000 
Total 
12.397 
16,675 
Increase lnereue 
X X 
s, 
6 
3 
Source: U. Bureau 
P-23. No. 138, Table 2-1. 
, Current Population Reports, Series 
The number of young e v111 1ne both relatively and 
absolutely. The numbers between 20 and 29, for example, w111 shrink 
from 41 m1111on 1n 1980 to 34 m1111on 1n 2000, and their share of the 
population w111 drop from 13 percent. 
2. Ihe labor force 
The age of the labor force w11l 
from 35 years in 1984 to about 1n 
the m1dd1e years of work11fe, wh11e 
dec11ne. The number of workers 
million, f1ve m1111on more than the 
Tab1e v:n 
-89-
the popu1at1on, r1sing 
the ga1ns will come tn 
rs at the two extremes 
w111 rise by more than 25 
increase in the workforce. (See 
t 
0 
Net Sav1 
Perc:ent I 
4 
+11. 
Wtth the huge increase tn number of workers over , 
h1gher national savings may lead to lower 1nterest rates, 
stimulating investment 1 1ng productiv1ty. ln addtt , 
the constituency oppos1n9 1 ation may 1ncre~se dramatically, as 
1 IWC:h. larger share of the at owns financial assets .. 
Willingness to tolerate budget deficits or rap1d monetary gro~th 
may decline. (At the same t1me, tolerance for h1gh unemployment 
as the price of a stable currency may increase.> 
~ ljbor marktts for yoyoger worker' epyld t1ghten, Companies 
accustomed to hiring young workers at cheap wages may f1nd that 
they must raise wages, reach· further down the labor queue, 1nvest 
in labor saving technology, nr all three.1n order to prosper. 
Food service uy be particularly affeeted .. 
On the other hand, the aging of the workfoi"'Ca may have soaaJ very 
negative consequences for the ecc:u~a~y and the so::1ety: 
o The ag1ng rgdsfon:e may increase tho t1Q1d1ty of the ecpncmy ... 
An older, &Dere stable rorkforc:.e may adapt poorly to a rapidly 
ng et:OftOIIY.. e., older people are IN~ less 11 
to move than younger ones: 
20-24 
28.1 16.0 
Source: U .. S. Bureau of the Census, 
Series P-23, No. 138, Table 4-6. 
65-74 
7.8 
1979 
5 
As the baby boomers reach the m1ddle of mor~geges and 
children 1n sChool. their r1111ngness to pu11 up stakes 1n 
response to new opportunities or 1ng conditions rill 
dec11 ne. 
S1m11arly, the 1nd1v1d s to be 
retrained or who move occupations 1nes ste 1ly v1th 
age. For examp1e. workers over age 45 were 1ess than half as 
11keiy to change occupat1ons between 1982 and 83 compared to 
workers 6ge 25 to 44: 
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d1ff1cult for d e- der workers. The lo s.taM1ng 
ttern 1ncreas1 1 r&Tlent be 
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C. The f®infza.t1on of .the Workforce Slows Qopo 
l. The Growth of the Female Wgrkforc1 
s. 
0ver the nex-t 15 years, women are expected to nue to j n the 
wor~force in substantial numbers. By the r 2000. approximately 47 
percent of the workforce w111 women, and 60 percent of women w111 be at 
work. Women w111 comprise about 63 percent of the new entrants 1nto the 
labor force between 1985 and 2000. (See e 
Women Are A Grow1ng Share of the Workforce 
(Numbers 1n Thou Except P.ercent) 
Number of Working Women 31.543 ,483 ~"') 
Female labor force 
Part1e1pat1on Rate 
·' 
Sl 7 
Female Share of The Workforce .4 42.5 .o 
rce: . s. l cs, 
, les 4 
of 
Coale fran 
m1111on married women who J 
m1111on came from n1es w 
proportion of married mothers 
share of all Ch11dren under 
percent. 
WO":''en cont1nue 0 e ons 
that pay less than women were in 
j that 'ftere 90+ r-cent anged from 
e 28 percent 1n 90+ • of f 
t1me wonen were only 66 men, po1nts 
from the figure 1n 1967. 
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p 
4 
ve 
n::ent 
to work, 
hours. or st 
work at an. 
adequately 
they f 
Jobs wf 
to leave 
3.. The Impacu 
Evan 1 f rates of femo1 e on r1se more 
than proj ectad, the 1mpaets the f numbai"'S women 1 n 
workforce w111 st111 be profound. In lass an a neration the 
ant 
pattern of employment has been rad1ca11y altered, one in which 
married women stayed home, to one 1n wh1ch nearly everyone goes 
Because so much of the change has occurred since 1960 the soc1 
fully digested the impacts. r the 15 years, 1 es 
of child rearing, taxation, stons, hiring, compensation 
structure will chlnge to the new realities: 
o Ihe econgmte growth that the econgmy bas entgyed as a result of 
the sb1ft of women from low oroauct1y1ty. unpaJd bguserork to pa1d 
emQJgymgnt 1111 taper off. Between 1970 and 1980~ 14 m1111on 
Joined the workforce: between 1990 and 2000, only 8 million 
so.. As fewer wC'lmllln move un•asured the 
economic growth rates w11 1 lower .. 
for 
society es to reconcile 
to promote f~m111es ~1th the for 
f am 111 es. 
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Tcsble XI 
Non-Wh 1tes ArG A Grow 1 ng Sha.re of the Workforce 
Worktng Age Populot1on 
<16•) 
Non·Wh1te 
Non-Wh 1 te Share 
labor Force 
Non-White 
Non-White Share 
Labor Force Increase 
<Over Previous Per1od) 
Non-White 
Non-White Share 
Youth labor Force 
CAges 20-34) 
Non-Wh1te 
Non-White Share 
1970 1985 2000 
137.1 
14.9 
10. 9S 
82.6 
9.2 
ll.l' 
X 
X 
X 
27.6 
3.5 
12. 7S 
178.2 
2e.2 
l3.6S 
115.0 
15.1 
13.1S 
32.1 
5.9 
18.4S 
49.3 
7.1 
l4.4S 
202.6 
31.8 
15.7S 
135.0 
20.9 
lS.SS 
20.0 
5.8 
29.0S 
43.9 
7.3 
l6.7S 
Source: Bureau of labor Statistics, Handbook of Labor Stat1st1es, 1985 
Table 4 and s, and unpublished data. 
Black women w1 11 comprise the 1 argest share of the 1nc:reue 1n the 
non-.h1te labor force. In fact. by the year 2000, black women will 
outnLmber black men in the workforce. Whi1e black men are 7 percent less 
11kely to be 1n the workforce than white men, black women are 4 percent 
more 11ke1y to be 1n the labor market. 
most every measure of employment, labor force part1c1pat1on, 
and education, of course, b1ack and Hispanic m1nor1t1es suffer 
d1sadvantages than whites• In 1983, for example, a 
resentative sample of these measures revealed this pettern: 
Wh1te Black Hispanic 
L Force Participation 64.3 61.5 63.8 
Unemployment Rate 8.4 19.5 13.7 
Med1an Family Earnings S487 S348 S366 
(Weekly) 
Percent Below Poverty 12.1 35.7 28.4 
·~ed1an Years of Schooling 12.8 12.5 12.1 
To these stat1st,cai indices must be added the extensively analysed 
and debated ina1cat1ons of soc1a1 c1sadvantage such as poor performance 1r. 
s s. greater dependence on we1fare. greater 1nc1dcnce of broken 
fam111es and children born to un~arried mct~ers, and h1gher rates of 
cr-1m1na1 arrest. 
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years. 
r 11 
p~ttarns of behavior ~players 
they w111 b1d up the ~dges of the 
labor force entrants, seek to subst1 
oc cup at 1 ons, ond/ or move J s tes 
more easonabie to expect that 
at1 y s.maller I'H.rnbers of whtte 
ute cap1te1 labor in many serv1ce 
the ster growing. more youth 1 
d. ac and partie arly parts of the country, or perh s 
black ~J1es are those most 1ke to be put at r1sk 1f such strateg1es 
detn 1 nate. 
E. Irr1Qrants Reoresent a Grcwjn~ Sbare of tbe Pooy1at1on and tbe 
La~·or force 
1. Current and future Imm1grat1on Patterns 
Between 1970 and 1980, the foreign born population of the U.S. counted 
by the Census grew by about 4.5 m1111on, accounting for about a fifth 
the u.s. population gain dur1ng t~e period. While th1s number was mora 
than a ~~1rd greater than the number ~ho entered 1n the 1960s 1t was 
1 by h1stor1cal standardsQ turn of the century. for example, 
imm1srants added about 1 percent per year to the U.S. population, compared 
to the current rate of about one-f ~f one percent. 
In the wake of amendments to the 1rrmigrat1on laws in 1965, recent 
imm1grants have come mostly from l n Amer1ca and As1a, in dramatic 
contrast to ear11er 1mm1grants. Of those who entered the country 
1970; 76 percent came from these two reg1onsJ of tbose enter1ng the 
country before 1960, 79 percent came from Canada and Europe. 
Most of the new 1mm1grants have sett1ed 1n the South and West. 
number of foreign born residents n the South grew by 120 percent 
1970 to 1980, and by 97 percent n the West. In the North and Mi 
numbers increased by only 10 percent. Three states, Cal1forn1a, Texas, 
and New York account for 1a0re than hal of all foreign born res1 
fth recent ~mm1 ants 1ve n the Los Angeles area. 
ts represent a broad spectrum of social and educa o 
rounds. Of adults who entered the U.S. 1o the 1970s, 25 rcent h 
ess than f1ve years of school. compared to a ~reent of native born 
Amer cans; on the other hand percent were colle~e graduates, compared 
to 16 percent of natives. 
mates of net 1nf1ow of 1 ega1 aliens fnto the country vary 
widely. The most recent Census est mates suggest that the number 
n legals residing 1n the u. bebeen 4 ~nd 6 mil 11on, and 
Counc11 of Economic Advisors has mated that th1s figure may be 
1ncreas1ng by be~een 100,000 and 300,000 people per year. 
A number of factors suggest that, in the absence of r~dical pol 
cnanges. the nliTlber of legal and 111ega1 1m."iiigrants w111 continuo to be 
substantial. As the preferred dest nat1on for those seeking ccor.cm1c 
opport~.;nity c po11t1ca1 refuge, the U.S. w111 remain c Do-terful net 
for the rap1dly growing populations of Lat1n America and Asta. 8et~ee~ 
19 and 2000, for example. the popu1at1on of lat1n .A.~er•ca alono 1s 
e)(pected to 1ncrc,ase by 150 m1111on people. 
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In fact, tt fl plaus1ble to bel,eve that residents of areas that 
experience s1gntftcant 1nf1uxes of immigrants w111 be benef1ted rather 
than harmed by the growth that these new workers promote. This wtll be 
particularly ltkely over the long run. Census data and other 5tud1es have 
shown that over 10 or 20 years the earnings of 1mmtgrants ~nd their 
offspring w111 equal or exceed those of native-born Americans w1th s1mflar 
char6cter~st1cs. The South and West, already enriched by the1r 
comparative surfe1t of young workers will be even more 11kely to attract 
new Jobs and se1f•reinforc1ng economic growth 1f 1mm1grat1on rises, and 1f 
these immfgrants become more successful 1n the labor market tn later 
years. 
Despite the evidence of econ~1c benefits. immigration has always 
triggered negative emotional reactfons frcm natives, and the current 
concerns with the "loss of control• of u.s. borders 1s continutng this 
tradition. A pluraltty of poll r~spondents favor less 1mm1grat1on, and 
only 7 percent favor more. It is not unlikely that over the next 15 
years, the political reaction to these voter attitudes w111 lead to much 
more restrictive and vigorouslv enforced legislation, and to dramat1cally 
reduced immigration flows. 
One particularly ominous version of this scenario might result from an 
explosive increase in the nuabers of t .. tgrants. following~ for exaaple, a 
Mexican revo1 utfon. Huge nUibers of refugees atgM throng into the 
country, followed by the pusage of harsh las and strict border 
controls. The supply of t•fgr~nt labor atgt.t b~ one11110re rapidly 
fluctuating factor fn the ocona.fc equation of the South and West, s1m1lar 
to the pr1ce of o11, the value of the dollar, or the rate of fnf1at1on. 
Even 1 f no radical border elostnt las are passed, one 11kely outcome 
of the antt•fmmtgrARt ..ot1ons w111 be greater dtv1s1ons between Hispanics 
and blacks. As the labor .. rket experience of Hispanics and blacks 
verges. the unity of interest that currently appears to unite these 
groups may crumble. By th• year tt ts not unrea11st1e to expect 
tt.at the political re1atfonsh1ps between blacks and H1sr;an1es l1 
resemble those between blacks and older urbin lr.thnfe groups such u t::f\e 
Italians, Jrish or Poles. 
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on 
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11 have 
of 
,g_ ]Jutre x111 tae Oft demand~ for lt1 syr:e 1n the form5 of hol 1 days, 
gart ... t1 me 1 glu ana sfigrter bQurs t.o lcs:omo~ate women'$ decaods for 
t1rpe tg care for cb1ldr,Q. At the same t1• child care w11l be<:ane a 
more expensive national priority. Although the ec:onamic dependencJ 
rat1o will fa11, the national allocation of income to dependents may 
r1se. 
~ pension. tax and employment po)1e1es will regu1rt mo1or rey1s1oos 
to conform to tbe a •• tro-etrntr major1n. Inequities be'brten two 
earner and single earner faat11es w111 became more contrcvers1a1. 
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relatively constant. Many feel that the nation's 
inventors are still prolific but lack the fundina and 
support to initiate or the innovation 
process t.hroogh product development. 
Because of the complexity of the challenge, many 
unrelated factors must be examined: the capability of 
the universities to conduct basic and applied research 
that pushes the frontiers of technology; the 
educational programs that develop both left and right 
hemisphere brain capability; the merging of both 
theory and practical application in engineering and 
business curricula; the funding to conduct new 
research; the transfer of technology from educational 
and public sources to private industry; venture capital 
funding of new innovations; the environment created 
by the government through tax laws and regulations 
that create the incentives or disincentives for new 
product development; and the liability that the 
innovator assumes through the introduction of new 
products into society-a society which has been 
sensitized to believe that it is totally risk free. 
This challenge is coming at a time when California's 
universities, the bedrock of its research capability, are 
approaching a fiscal crisis. Present revenues are 
insufficient to maintain past excellence, and new 
public funds are not available to cover the rising 
equipment and facility costs of research and the 
salaries needed to attract high caliber and 
faculty. 
The California at Berkeley, one of the 
nation's research institutions, for example, is 
its first major fund campaign, with a goal of 
million. Stanford University has initiated a S 1 
fund-raising campaign; the University of 
Southern California is trying to raise $557 million by 
the year 1990~ and the University of California, Los 
Angeles, $330 million by the end of 1988. 
This financial crunch will affect the industry-educa-
tion cooperation so essential in developing and 
promoting private research and development pro-
grams aimed directly at improved competitiveness. 
The Federal government's investment in basic and 
applied research is being evaluated because of the 
Federal budget deficit. The National Science 
Foundation, however, is proposing to double its basic 
research and triple its engineering research budget for 
year 1988. 
Robotics, a growing new technology developed in 
United States, is now primarily under 
leadership. Today's national robotic market of 
million will grow to $4 billion in the next decade 
10 percent of the robotics firms expected 
located in California. Should the State's look 
Japan for opportunities for joint ventures 
revenues? Likewise, the biotechnical 
founded in California and expected to 
multimillion dollar industry by the tum of the ..... , ........ , 
has been targeted by the Japanese and other 
Basin nations. Will this California-created .......... ,,""'1<. 
be innovated overseas? 
California's future ability to maintain 
these and other markets depends upon the 
protect new ideas and processes. The need to 
existing or formulate new intellectual property laws 
pivotal to the future of the development of 
projects. In today's rapidly changing 
knowledge itself has value and must be 
The influence of governmental regulation on 
design and development is significant. 
established as prescriptive standards to assure 
public of minimum acceptability expectations, 
tions now govern every aspect of the 
process from inception through distribution, 
management's use of its human resources. ""'""·"'""''"'w'J'"" 
dictate who can be hired or fired, 
programs, worker right to know, 
insurance, quota systems, and ethnic 
Although the role of government in 
technological innovation is a legitimate 
protect public health, welfare, safety, and 
provide a level playing field for healthy cornp~:u 
the marketplace, overregulation can 
competitive position of the State and 
Californians cannot have both absolute 
leadership role on the cutting edge of science 
technology. If safety and health concerns are 
properly balanced with the needs of 
innovation, regulatory policy becomes 
innovation and development. 
FACTORS OF CONSIDERATION 
California's future economic success will depend on 
ability to sustain the life cycle of 
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Factors of consideration: 
• Reliability 
• Durability 
• Human risks and associated liability 
• Repairability 
• After market repair, service, pans 
• Maintainability 
• Disposal or reclamation 
• Ease of assembly 
• Manufacturability 
• Management policies 
• Innovative engineers, designers 
• Human resources capability 
• Packaging 
• Equipment 
Protection of Intellectual Property 
Ideas are a product of the mind and can be bought, 
sold, licensed, or leased in the same way as any other 
property. They can also be pirated or counterfeited. 
Technical innovation requires investments of time and 
money and is a risky enterprise, particularly for 
private industry which cannot be assured of adequate 
financial return on its investment. 
The protection of intellectual property, both in 
domestic and international markets, is therefore a key 
element in meeting the competitiveness challenge. 
Without such protection there is little incentive for the 
of capital in developing new innovations. 
traditional processes for protecting intellectual 
nrt"'n""" trademarks, and copyrights-which 
evolved over the past 200 years-need revising in 
today's rapidly changing technologies. An 
"'""'~ ......... A is the .. sui generis" approach adopted by 
to protect semiconductor chips. Process 
patent holders are particularly vulnerable to foreign 
competitors, who develop an American process 
patent, produce the goods, and sell them back into 
the United States. 
Factors of consideration: 
United States policy on intellectual property 
protection 
Misappropriation of information obtained un· 
der the Freedom of Information Act 
Engineers understanding the patent process. 
Federally owned technology 
• Patent and trademark administrations 
• Patent filing and maintenance fees 
• Patent search, claims, and validity 
• Infringement and court system 
• Rights of inventors 
• Rights of patent owners 
• International agreements and 
• Licensing 
• Antitrust laws 
• Process patents and enforcement 
• Classified technology 
• Foreign patenting of domestic inventions 
Regulation 
Regulation is a legitimate exercise of government 
protect public health and safety; overregulation, 
however, impedes the competitiveness of American 
firms and adversely impacts technological innovation. 
The terms technology and absolute safety are 
dichotomous. The challenge for government 
tion is to reduce the exposure rate in concert with 
reasonable product design. Automobiles are a classic 
case in point. Automobiles are involved in the death 
of over 50,000 people and the maiming of hundreds 
of thousands of others each year. The cost of a 
risk-free automobile, however, would be beyond 
reach of the consumer. 
The most cogent elements in regulation must 
reasonableness and cost effectiveness for the level 
protection; uniformity and consistency with _.,.,,,. ..... 
tion to domestic and internationally 
products; and a stimulus for rewarding excellence 
discouraging mediocrity. 
Factors of consideration: 
• Product safety 
• Product liability 
• Consistency and uniformity in enforcement 
• Cost effectiveness 
• State of the art technology 
• Hiring, firing, promotion, behavior modifica· 
tion, and use of human resources 
• Worker safety 
• Worker liability 
• Employee and employer taxes 
• Certification of processes 
• Product certification 
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Federal must: 
• 
• 
• 
• Provide incentives for industry to expand and 
invest in lona-range research and ae•velloptnelru 
• Define, document, and transfer technology 
developed in State laboratories or by contrac-
tors under State sponsorship. 
• Develop programs to evaluate both State and 
Federal regulations that affect product develop-
ment and determine impact on competitive 
cost. 
Industry must: 
• Establish business objectives for developing new 
products that focus on strategic long-term gain 
of wealth as contrasted to short-term immedi-
ate return on investment. 
• Adopt a product design philosophy that 
includes such factors as: domestic materials 
use; high productivity in manufacturing; mini-
mum losses through scrappage; high quality 
control; maximum consumer sensitivity; non-
replenishable materials conservation; and mini-
mum negative environmental interaction. 
• Adopt recognition and award policies that 
stimulate creativity in design and new product 
development, and provide a "piece of the 
action" to aU contributing workers. 
• Take the lead in developing constituencies for 
increased cooperation between industry and the 
universities to expand industrial research and 
development potential. 
• Develop working relationships with 
laboratories and create a .. pull .. of technology 
from the public sector to private commercializa-
tion. 
Educational Institution must: 
• Revise engineering curriculum to include 
required courses in all phases applicable to 
technological innovation: 
• Product Development: product design, 
development, testing, materials, technol-
ogy, standardization. 
• Intellectual Property: patent process, 
copyrights, trademarks, know-how, trade 
secrets, use of data systems. 
• Technology Transfer: data files and their 
use in product development. 
• Emphasize the role of universities in conducting 
applied research and development. 
• Establish applied research policies in the 
University of California and the California State 
University with incentives for technology 
transfer to the industrial sector. 
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directly affect the ability of California industries to do 
business at home and abroad. 
The GAiT has influenced trade in two ways: as a 
value system and as an institution. The values of 
GATT are expressed in a series of trade benefits and 
principles, which collectively define the way in which 
trading relations between nations should be con-
ducted. GATT sets out and establishes the legal 
framework for the conduct of trade relations between 
its member countries and is, in effect, a collection of 
specific legal rights and obligations whose purposes are 
to ensure equal access to markets, reciprocity in trade 
concessions, and stable conditions for the progressive 
liberalization of world trade. 
Many California businesses are unaware of existing 
export possibilities and the potential for international 
trade. The California World Trade Commission 
estimates that over 1,000 California businesses could 
become new exporters. Approximately 75 percent of 
California trade was with nations of the Pacific 
Basin. Most of the State's overseas trade was with 
Japan, but Taiwan, Korea, Hong Kong, Singapore, 
and Malaysia have all been fast-growing California 
trading partners. Some of these partners have 
established firms in the State to supply their goods and 
services, thus eliminating some of the trade process 
costs. 
FACTORS OF CONSIDERATION 
International trade is an established requirement for 
economic future. The State has already 
taken some major steps to position itself more 
in the world market by establishing 
California trade offices in England and Japan. The 
State's World Trade Commission provides a forum for 
identifying challenges and opportunities. The Legisla-
tive and Executive branches of government have 
expressed their concern for the roles of the State and 
Federal government and actions that must be taken by 
the United States to tear down artificial trade barriers 
that block entry of California products. 
One of the primary objectives of international trade, 
from an export perspective, is to open new 
non-domestic markets. The bottom line on export 
trade is the return on investment. The relative flow 
and value of currency is a vital element. 
Factors of consideration: 
• International letters of credit 
• Exchange rates of currency 
• Accounts receivable 
• Banking 
Legal 
Every nation establishes the legal environment in 
which trade occurs. The United States has a relatively 
open market for most imported goods. This is not the 
case, however, for many of its trading partners. 
Governmental interference can take many forms, but 
the objective is usually the same: the restriction of 
foreign access to domestic markets to protect domestic 
products that cannot compete. Other legal actions are 
designed to protect the health, welfare, and safety of 
the importing consumers. 
Factors of consideration: 
• Import/export law 
• Trade agreement, including GATT 
• Intellectual property protection 
• Product liability 
• Trade barriers 
• National security 
• Customs and taxes 
• Shipping regulations 
• Environmental regulation equality 
• Government subsidy equality 
Transportation 
Moving products from domestic producers to foreign 
markets requires knowledge of both domestic and 
foreign systems, their operating characteristics, level 
of responsibility, and accountability. 
Factors of consideration: 
• Certification of products 
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requirements, • 
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Factors 
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• 
• Liability 
• Financial 
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abroad. 
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Educational Institutions must: 
• Enhance educational prog:rams foeusing specifi-
cally on international training in lan&U&ge, 
eulture, and JeOinphy. 
• Develop bilateral exchan&e programs with 
business and engineefin& schools of trading 
partners to increase understanding and coop-
eration in international trade. 
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commitments vital to a 
resource development, for 
is defined as 
nrn''V'I~"'""n by K-12 and po:s~-:sec:ono<u 
people of California. 
,..,.,, ... L,.. blacks, 
cans-cumulatively 
136 campuses attended by 1.6 million students 
and funded by more than $8.3 billion a year in State 
moneys. 
also faces the independent colleges and 
Once the bastion of independent thought 
alternative to public education, 
are now caught on the horns of a 
Burgeoning costs. together with accrediation 
certification standards developed in the public 
1Stiitu1:io1ru and government regulations, have severely 
uuuca ... ._..,..., the private sector educational option. 
..,,.,,.,... .. ,,.,..n ... o degrees to the doctoral level are provided 
the 9 University of California campuses, to the 
masters level by 13 of the 19 California State 
campuses, and to the bachelors, masters, 
level in 17 of the over 100 independent 
and universities. The California State 
system graduates about 52 percent of all 
the engineers produced in the State; University of 
25 percent, and private institutions, 23 
FACTORS OF CONSIDERATION 
the State· s existing educational infrastructure 
successes, many now believe that the 
system must be revitalized to meet the 
complex demands placed upon it by an 
diverse and technological society, that the 
direction and outline 
needed to address 
is needed for the community 
pot and pivotal point for many 
California's higher education process. It is 
... ..,,uuJllWULJ colleges that much of the minority 
population is concentrated, and it is the 
colleges which offer the best opportunity 
future students-both young and adult-to begin 
educations anew and acquire the training and 
skills needed for transfer to 4-year and beyond degree 
programs or for entry into the work force. Present 
trends reveal that the community colleges' transfer 
which is vital as a bridge for the 
or financially disadvantaged to obtain 
is rapidly disappearing. Currently, less 
of community college students who 
indicate they intend to transfer to a 4-year college do 
so. 
In addition, current curricula design and program 
sequences, starting in 9-12 and carried 
post-secondary, is such that the termination a 
student prior to a degree leaves the individual with no 
or few marketable skills. Future programs should be 
designed to impart marketable skills to all students at 
every level. 
Societal 
Although much lip service is paid to education, 
lacks consensus on educational goals. Many rally 
around the "back to basics" approach with no real 
understanding of what the modern basics are for 
students to successfully compete in a technological 
and industrial society. Although California devotes 55 
percent of its General Fund Budget to education, thus 
far the State falls far short of effecting the curricula to 
achieve the high standards of the Vision Statement. 
Factors of consideration: 
• Consensus on educational needs 
• Technology, science and mathematics as basics, 
with focus on understanding and functional 
literacy 
• General adult functional illiteracy 
• Teacher competency and recognition 
• Facilities and equipment 
• Funding 
• Current near-term consumption contrasted to 
strategic investment in human capital 
Educational Policy 
The original Master Plan produced a remarkable and 
enviable educational system. The new Master Plan 
must establish the goals and missions for each of the 
four elements-K-12, community college, California 
State University, and University of California. These 
must be redefmed within the context of a competitive 
society and a single over-riding educational responsi-
bility, namely, the development of curricula which, at 
all educational levels, acknowledge the unique abilities 
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application. pass a written 
election was estimau:d 
Callfomia in 1977 
Functional 
Technological muc~r.~cv 
1eneral 
curricula 
students 
another and the 
students' lives 
occurs in K-
encoW"aged to pursue one ~p<e:~.;u:~,uty 
or continues the 
of each individual student and focus on the student's 
acquisition of marketable skills and an 
level of scientific. technological, and language literacy. 
Factors of consideration: 
• Community college goals 
11 Remedial 
11 Transfer 
11 Vocational 
11 Adult and community education 
11 Industrial retraining programs 
• College transfers 
• High school proficiency tests 
• Counseling 
• Industrial training programs 
• Research roles for the University of California 
and California State University 
Curricular 
The content of educational programs at all levels is the 
subject of controversy. Should formal education 
programs be limited to basic theory and fundamentals 
or be targeted on training to provide marketable skills 
at every level? Creative math and science curricula 
are urgently needed, as well as interesting and 
language classes, to encourage creative 
and critical thinking and to accommodate both college 
transfer and vocational students. 
Factors of consideration: 
• State-mandated 'curricula based on assumption 
that aU secondary students are college tracked 
• Curricula in K-12 for science, computer 
education, mathematics, foreign language, and 
technology 
• Technical vocational programs 
• Motivation of students, especially minority 
students, to complete high school 
• Bilingual education, special needs of minority 
students 
• Credentials vs. demonstrated competence 
• Laboratories 
• Life-long learning 
• Educational technology 
• Mix of basic theory and applied and naru:1·s-<m 
curricula 
Institutional 
Educational policies vary widely among the 
the educational system, sometimes to the 
ment of students tracking their way through the 
of academia's regulations. Without adequate co~ 
ing, students can waste much time, money, and 
in classes that are acceptable neither for 
from the school they are enrolled in nor for ...... ,,.. ....... 
another State public institution. Environments likewise 
vary widely and profoundly impact student 
and academic success. 
Factors of consideration: 
• Articulation among institutions 
• Career guidance 
• Changes in educational practices or technol~ 
gies 
• Hiring, firing, promotion, and tenure 
• Entrance and graduation requirements 
• Program impaction 
Industry 
Industry can make significant contributions 
California's educational system, both in 
facilities, and consultation on near and 
educational needs of the marketplace. In 
industry and business can keep educational 
tions at all levels apprised of technological 
career and job trends, as well as specific industrial 
training needs. Industrial interaction with the schools 
could be particularly effective in motivating students 
to complete their studies by demonstrating 
relevance of their current education with future career 
goals. 
Factors of consideration: 
-118-
• Donated industry equipment, maintenance 
services, and software 
• Coordination among business, industry, 
education to assure relevance of business 
technical training 
• 
• 
the 
industries of a 
large of a higher quality of life and liU!nu;;u 
The Federal 
moneys, 
teaching 
• Grant 
studies, 
• Provide funding to 
• 
interdisciplinary cn:)ss·..c:fil;cit,lirl:al 
years . 
address: 
• High school arcJoc1uu 
Ill 
Ill 
• 
• 
• 
Educational Instiwtions must: 
K-12: 
• Develop curricula promoting creative and 
critical thinking and competency in language, 
math, science, and technology. Emphasize 
application of scientific method. 
• Promote interdisciplinary stUdies. 
• Emphasize significance of foreign languages. 
• Consult with industrial and business leaders on 
acquiring laboratory and other needed equip-
ment and on curricula relevant to a competitive 
society. 
• Develop programs recognizing and rewarding 
teacher creativity and competency. 
• Develop comprehensive science/technology ca-
reer guidance both for swdents entering the 
work force and those going to college that 
meets students' needs. 
• Develop intern programs in industry, especially 
for students who may be inclined to drop out. 
Community College: 
• Work with industry and State government to 
redefme goals and policies to include aU aspects 
of capabilities. 
• Aggressively pursue industrial funding, grants 
and scholarships for vocational and industry-
related courses of study. 
• Emphasize counseling for college-transfer 
students and pursue scholarships and grants to 
encourage students' continued education pro-
gress. 
• Increase minority funding to defray community 
college expenses. 
• Consult with city transit officials to assure 
adequate transportation for all students 
• Work with industry to develop and maintain 
accurate records to determine trends in student 
education. 
California State University and University of 
California must: 
• Increase teaching of international studies, 
including foreign languages and cultures. 
• Ensure broad cross-disciplinary education of 
students: the humanities, liberal arts, and 
communications literacy of engineering, tech-
nology, and science students; and the science 
and technology literacy of non-technical 
majors. 
• Develop science and technology-related curric-
ula unique to the needs of an entry-level work 
force. 
• Re-examine hiring, promotional, and tenure 
practices as they affect the availability of 
competent university faculty for teaching and 
research programs, and recognize industrial 
experience as a valued element of any 
professional vitae. 
• Increase fellowships and grants for engineering 
students. 
• Develop applied research policies for both 
university systems. 
• Expand engineering curricula to include courses 
that familiarize students with industrial practice. 
including technologies, management, person-
nel, intellectual property, and design. 
-ALFRED·P. 
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investment decision, based on man-
agement's reading of the 
interest. And that amounts to 
something of a revolution in 
the 
and gown. 
THE RATIONALE FOR GIVING 
In 1940, higher education \vas 
for the few; less than 15% 
school graduates went on to 
lege. It was essentially 
paid for by tuition (several 
dred dollars at most), 
donations and endowment earn-
ings, and state grants. 
World Warii-and 
of Rights-set a revolution in 
train. A national consensus 
emerged around the unprece-
dented notion that all Americans 
had a right to higher education. 
In 1940, some 1.5 million, one 
seven of the 18-24 year-old 
went to college. Today more 
50% of high school graduates-
plus increasing numbers 
young adults and even senior citi-
zens-are involved in formal 
postsecondary education. 
that is more than 12 million 
pie-involving 
expenditures of some $110 
The revolution in 
is part the sea 
economy. What was a nr~'"""'' 
industrial enterprise 
coal and steel and 
of blue collar workers is 
transformed into an 
society." prototypical 
can Working Man is being 
replaced by "knowledge 
ers" -men and,.,,,,..,.,"'" 
must adapt to 
and social change. 
And so the rationale 
rate support of education 
shape: 
Concern for ....... ~'""'" 
future human resources is cen-
tred in business thinking. 
colleges and universities are 
primary suppliers of people 
the skills ,-nrnr.r 
1 
port has 
justify as a wise 
company 
What's more, 
best and brightest is 
more 
relations 
ments, graduate 
placement can 
company recruiter a 
rivals. This·is important now, 
because the pickings are 
slimmer and 

--
ence" in physics 
biology involves costs 
undreamed 20 
The 
held in 
the LUl.l<::>,:O:::> 
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Questions 
Looking 
by Curlis W.,.., P'I!.D. A ~J. Sdden 
excellent inb'Odtactil)ll 
p~ that nm,ridf.JI m&l~i!lleDl 
a cliallenging mndard 
through vigorous inquiry. 
S!GOLOFF Pres1dent Wickes Compames. inc. 
''It is euy to tee that the book lw been 
compiled from a lifetime of ex~t pnc· 
tical experience." 
-JACK 0 VA'-4C . --«-~-~-
Dm:ctor. 
By Stephen S Cohen and John Zysman 
Bas1c Books 297pp $19 95 
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"Even wi1JI HP, some people are risk-
takers and pioneers, and not others." At 
Ford, too, some middle managers are 
still struggling to accept the idea that 
costs really do bead down when quality 
perks up. But Ford's quality gains have 
already produeed telling evidence: Last 
year its fattened profits exceeded those 
of General Motors Corp. 
The eore of the revolution in quality 
can be captured in a phrase: customer 
satisfaction. But it has a surprising 
twist. Every person on a production line 
is the customer of the preceding opera-
tion, 110 each worker's goal is to make 
sure that the quality of his or her work 
meetll the expectations of the next per-
son. When that happens throughout the 
manufacturing, sales, and distribution 
chain, the satisfaction of the ultimate 
customer, the buyer, should be assured 
Says Walter of HP: "It's been revolution-
ary for some people to think that they 
have a customer." · 
WHEN CONSUMER REPORTS TALKS, 
BUYERS LISTEN-AND SO DO COMPANIES 
That is especially true for operations 
"upstream" from the factory-product 
design, in particular. A high wall has ~~~~~~~~~~~~~~~~~~~~~~~~~~~--J 
always stood between design and manu-
facturing, with designers essentially ig-
norant of how their creations are trans-
lated into finished products and not in 
the least eager to find out. W ell-mani-
cured designers toss their ideas over the 
wall, and leave the nitty-gritty details to 
the dirty-fingernail types in the factory. 
LaAI' 1 nOGIDIIIC. But tearing down that 
wall is a crucial step in the drive to 
boost quality. Juran and other experts 
li.Ssert that no more than 2(1,:( of quality 
1 defects can be traced to the production 
line. 1"h€ other 807< is locked in during 
the design phase or by purchli.Sing poli-
Cies that value low price over the quality 
of purchased parts and materials. To at-
tack those areas, companies are develop-
new computer systems that are 
"smart" enough to analyze the quality 
of a product while it still exists only on a 
computer screen. "The goal is to design 
out the cause of quality problems at the 
very start," says A. Blanton Godfrey, 
head of quality theory at AT&T Bell Lab-
oratories (page 142). 
Such automated-quality systems could 
help the U. S. stop playing catch-up and 
do a little leapfrogging. ''There's no 
question that we could do better than 
the Japanese," asserts Box. Because the 
Japanese still rely mainly on paperwork 
and manual methods to implement quali-
ty control, just-in-time, and related 
schemes, he argues that U.S. factories 
could "jump ahead" by exploiting their 
lead in computer-based management. "I 
saw what this country can do" during 
World War II, adds Box, "and I still 
believe we can do anything we put our 
minds to." 
By Otis Pori in Nev: York, with bureau 
reports 
SPECIAl REPORT 
W hether they're buying auto-mobiles or life insurance, drain cleaner or refrigera-
tors-<>r practically anything else-mil-
lions of shoppers won't plunk down 
their money until they consult Con-
sumer Reports. For 51 years the publi-
cation of Consumers Union has been a 
fiercely independent arbiter of quality 
goods and an ardent advocate of con-
sumer rights. It has published cu's rat-
ings of thousands of products and ser-
vices without ever losing a libel suit. 
And today, its monthly circulation is at 
an all-time high of 3.8 million. 
A 00-member technical team puts 
products through their paces at Ct:'s 
headquarters in Mount Vernon, N.Y. 
When they can, they use the same 
tests industry uses. They check the 
laundering power of washing ma-
chines, for example, by washing pre-
soiled fabric swatches and measuring 
their brightness with optical instru-
ments. If no standard tests exist, Con-
sumer Reports invents them. To rate 
facial tissues, ctJ's technical team built 
a "sneeze machine" that squirts a con-
trolled spray of water and air through 
a tissue mounted on embroidery hoops. 
OlltD8 ~ cu describes its tests in 
detail when it rates products. But 
those explanations don't always pla· 
cate the manufacturer whose product 
comes in last. If a company isn't happy 
with its rating, ctJ responds with an 
invitation to visit its labs. 
Many companies have made changes 
in their products after getting a bad 
rating from ctJ. Although Whirlpool 
Corp. chafed at criticism that its wash-
ing-machine design made repair too dif. 
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ficult, on its new models the cabinet 
pops off to allow access to key parts. 
In its April, 1973, issue, Consumer 
Reports rejected an entire category of 
products-microwave ovens-because 
doors on all 14 models tested were 
leaking radiation. Since then, oven-
makers have changed their designs. 
Today, "there's very little leakage 
around those doors," says ct technical 
director R. David Pittle. 
IIIEDlA PUSH. Vr'hile Consumer Reports 
remains ct:'s major endeavor. the orga· 
nization is branching out. In the last 
two years it has launched a travel 
newsletter, produced six home video-
cassettes, spruced up its Penny Power 1 
children's magazine, and formed a 
book-publishing company. Since Janu· 1 
ary, cr has been selling dealer's-cost 
listings for most auto models and op-
tions. Its media push also includes a 
thrice-weekly syndicated newspaper 
column, plus ractio and television SJX>ts. 
All this has helped Cl:'s bottom line. 
Last vear it earned $3.4 million. The prosperity has not diluted ct:'s 
activism. Founded bv labor unionists in 
the 1930s, it was a~ong the first orga-
nizations to urge consumers to boycott 
goods made in Nazi Germany. Now 
Consumer Reports is alarmed that 
many Americans are slipping into pov-
erty. So it is kicking off a three-part 
series on the working poor. But will 
the outsJX>ken judge of what's good 
comment on how well 1J. S. manufac-
turers stack up against the Japanese? 
No way, say Pittle. "Our purpose is to 
provide an objective evaluation of a 1 
product-regardless of who made it.'. · 
By Mimi BlueJJtune in Mount Vernon 
BUSINESS WEfr;,JuNE 8 1987 
-

I 
I n New York, Genesis Consultants Ltd. is-"""'"' workers this summer 
pulling banners over a.rea beaches. 
In South Bend, Ind., where the num-
ber of young workers is shrinki.ng, M~ 
tin's Super Markets Inc. bas hired reti:r· 
ees to drive delivery vans. 
In Atlanta, the Ryan's 
Houses clWn is better off: It's 
enough busboys, but at $4.50 an ho~ 
$1.15 more than it pays in other cities. 
Only yesterday such stories 
have seemed like fiction. Far from wor· 
eying about finding enough employees, 
companies exposed to international com-
petition or in the throes of restructuring 
were laying oft' workers and 
has fallen below 4'7'c in 31 major metro-
areas in 19 states. 
may be just the beginning. 
the baby-bust generation reaches adult· 
hood, a slower·grov..'ing population is 
propelling the country into a period of 
labor scarcity that could last until the 
turn of the century, when the current 
boom!et will provide a fresh 
of new workers. "If todav's 
ment thinks that the labor surplus 
grew up with will continue, they're 
for a shock," says Clifford J. Ehrlich, 
senior vice-president for human re· 
sources at Marriott Corp., which em· 
ploys 156,000 hotel, restaurant, and food· 
service workers. 
The problem is compounded by a wid· 
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Sacramento, CA 
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on the 
competitive-
United Motor 
ity of 
international 
December 10, 1987 
Senator Joseph B. Montoya 
Page Two 
down to the production line worker to fully utilize the 
talents of all its employees. The success of our 
production system depends upon the active involvement of 
our line workers in solving quality problems and 
designing their work tasks to be more efficient. 
In the traditional American factory, many 
production jobs did not require mathematical, reading or 
writing skills. In an innovative, productive factory 
such as ours, such skills are necessary. Many of our 
line workers routinely make written reports, perform 
mathematical calculations, maintain statistical quality 
control charts and the like. In essence our workers 
perform tasks that industrial engineers traditionally 
performed. If our workers do not possess the necessary 
skills to perform these tasks, we must provide remedial 
training at a significant cost. In addition to basic 
reading, writing and math skills, we also have a need 
for technical skills in our skilled trades positions. 
When we started up operations, we had particular 
problems in hiring qualified people to fill these 
positions and had to develop expensive training 
programs, including a cross-training program and a four 
year apprenticeship program. Our skilled trades 
programs alone will cost over $10,000,000; our 
training is equally expensive. 
, 
our experience 
is difficult to generalize about the 
weaknesses of the American educational 
offer the following observations based on 
at NUMMI: 
o Many of our employees, including high school 
graduates, do not have the basic writing, 
reading or computation skills necessary for 
their jobs. 
o It is very difficult to find skilled tradesmen 
available in the labor force. There is a lack 
of technical training programs in our high 
schools and the training programs that do 
exist do not impart practical skills that can 
be utilized by business. 
- 47-
December 10, 1987 
Senator Joseph B. Montoya 
Page Three 
o Compared to countries such as Japan, American 
colleges produce too many lawyers and 
accountants and not enough engineers and 
scientists. 
We are in agreement with other leaders of America's 
business community that educational reform measures are 
necessary to stop the decline of America's industrial 
competitiveness. We believe that the following steps 
will improve the American educational system and the 
skills of American workers: 
o Increase funding for our schools and raise 
teacher's salaries, provided that such 
increases reward performance and not simply 
seniority; 
o Place more emphasis on the "3 R's" and 
tighten the standards for graduation from our 
secondary schools and for promotion from one 
school grade to the next grade; 
o Crack down on excessive absenteeism, truancy, 
tardiness or misbehavior in our schools -- if 
individuals do not learn to meet standards of 
minimum performance or behavior in school, it 
is unlikely they 1 meet such standards as 
adults; 
o Improve and increase the technical skills 
training programs in our secondary schools; 
o Increase the dialogue between schools and 
business to ensure that the skills being 
taught have practical application and 
encourage additional cooperative programs 
between schools and business; 
o Provide basic course work in world history, 
foreign cultures economics and international 
trade so that all Americans can better 
-148-
December 10, 1987 
Senator Joseph B. Montoya 
Page Four 
understand the global environment in which 
they live and compete; 
o Maintain the excellence of California's system 
of higher education and place additional 
emphasis on science and engineering; and 
o Provide incentives for private enterprise to 
develop the necessary training programs. 
These recommendations address one of the important 
elements of competitiveness -- i.e., education. There 
are, however, many other factors such as taxes, 
excessive state and federal regulations, the 
proliferation of litigation and increasing workers 
compensation costs that also impact on competitiveness. 
I or my staff would be happy to discuss these matters 
with you in a follow-up meeting. 
Again, thank you for the opportunity to comment on 
these important issues. 
Sincerely, 
12 
K. Higashi 
President 
KH/jnr 
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The aqreement also calla for the new venture to 1nvest more tban 
8350 aillion at tbe Say Area facility to modern1ze its operations for 
producinq cold-rolled sheets. galvanized sheets. and tin product. The 
plant currently employe about 1100 steelworkers. 
The aodern1zat1on proJect started ear11er this year is about 50~ 
complete. iben it 1s completed in the latter part of l986 it Will be a 
world class operation with none other l1ke it in the United States. and 
only tbree others like it 1n the world. 
As you can imagine. thls mOdernizatlon proJect brinqa with it a 
real challenge and opportunity tor our steelwor~ers to become mor& 
techn1cally or1enteo 1n operat1nq this new state of the art equipment. 
Tbrouqh the eoucatton and training proqrams we have initiated for tbem 
we w1ll be better able to suggest and reco~mend to you how best we 
prepare students who are graduating from our high schools and co11e9es. 
Thie lo certainly a necessary step if we •r• Lu cuccessfully eeapete 1n 
the international aar~etplace. 
Tn1s issue is too Involved to be answered in )U!t one 
co~munic&tlon. As I understand it your interlm hearing 1s a first ste~ 
in a ract f!ndinq process on this subJect. Therefore, I would like to 
include other informat1on Wlth this letter which elaboretes on tb& 
information provided, and suggest that your staff follow up with us for 
the addltlona1 1nforaation you feel is necessary for us to continue to 
be ot as~istance 1n your effort. Flease have them contact Earl 
nt e at lSi 43;-esso. 
RECEIVE FROM 
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by 
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Executive Director 
CALIFORNIA ENGINEERING FOUNDATION 
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July 17, 1985 
C Robert J. Kuntz 1985 
ABSTRACT AND SUHHARY 
The United States of An.er ica now faces S01'!1e of the greatest 
challenges in its historv. The country which once controlled a ma.ior 
portion of the world economv and enjoyed the highest standard of 
living and qualitv of life is unable to compete 1n the world market 
and 1 s now c o n s i de r e d the 1 a r 9 e s t de b tor r, at i or, i n t 11 e w or 1 d , 
F1elds of new technologv, created in the u.s., are controlled by 
~xcellence in foreign production. Markets once dominated bv U.S. 
• u f a c t u r i n g e n t e r p r i s e a r e now nt a ,I or c h a 1 l en'? e s d s A 111 e r i c art 
• ustrv f1nds competition difficult on new standards and market 
straints. 
A s t he U , S • l o s e s con t r o 1 1 i n 9 p o s i t i on i r, t he w o r 1 d "' a r k e t ' t h e r e i s 
a direct impact on American jobs, taxable cash flow' trade def1cits, 
federal budget deficits, and the status of the u.s. as a debtor 
rta t ion. 
10 s about the engineering and scientif1c capabilitv of the 
States are raised everv time the nation faces a new c11sis. 
c capabilitv of t e co ntrv is usuallv viewed from two 
e the n u 111 be r of en·,:~ i nee r s p r o d u c e d ( t h e '1U a n t i t v 1 ~. s •-• e ) , 
litv and productivitv of the en~ineers produced (the 
issue). The engineerin9 supply and demand quest1on d~als 
s velv w1th the quantitv issue. Unfortunately, the 
r 9a e• is the one of most interest to the press and ~any 
p blic policvmakers' since it can be expressed in simple terms' 
whereas, the quality issue is complex' pervasive' and requires a deep 
understanding of many factors. The quantity issue, in some re~pects, 
can be likened to the old adage that siven a large enoush roo1111 
s '-' f f i c i en t sup p 1 v of 111 or, V.. e v s ' and an a de q u a t e sup p 1 v o f t y p e t<l r 1 t e r s ' 
the monkevs would eventually produce the Declaration of Independence. 
Correspondingly, there are those who believe that the '1Uantitv of 
en9ineers produced by the nation is an indication of the Amer1can 
technical health. Unfortunately, engineering manpower h~s been 
looked upon as a commodity. 
N ;; t i on a 1 p o 1 i c v dec i s i o n s , 111 ad e on t he b as i s of the s u p p l v a r. d de 111 a n d 
1 s s '-' e , h a v e h a d a p r of o '-' n d i 111 p a c t on the q '-' a l i t y o f en 8 i n e e r i n q 1 r, 
the countrv and mav actuallv be part of the root cause of the cr1sis 
A 111 e r i c a c u r r e n t 1 v f a c e s i n p r o d u c t i v i t v a n d i n d u s t r i i3 1 
c o "' p e t i t i v P n e s s • 
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1<:, there a shorta·~e of e ·3 e s? 
T h e '' d t 1 u r. h a s r1 e v e r h ad ' d o e s 
have a shortage of enginee s 
nearlv impossible to predict b 
ot now aver nor probably ever w1ll 
The eng1neering JUb market demand is 
cause of many factors, fur example: 
Federal expenditures hea ily influence market deMand; 
There is treMendous elasticity in the Market because of the 
high variability in t utilization rate of engineering 
talent in different types of engineering practice; 
Advances in engineeri technology (for example' computer 
aided design) direct and rapidly affect the productivity 
of the engineering element in a project; 
Many engineering graduates do not seek, and many 
experienced engineers abandon engineering practice careers; 
American engineering schools produce more engin-
eers than the engineering job market requires. 
The quality of engineering e cation is the 1ssue of major concern. 
However• in order to eva ua e 9ualitv, cr1teria must be established 
for the required skills which should be possessed by graduating 
P. r, ·3 1 n e e r s • H e r e 1 i e s t h e a s 1 f o r r a '3 i n g d e bat e s o v e r t he p a s t 3 0 
veaT·s. What knowledge and understanding should eng1neers possess in 
order to meet professional need ' the needs of society, and the 
competent practice of enginee 1ng in a complex cost-conscious world 
s e ' , ':::; i t 1 v e t o e n v 1 r o n 111 e n t a 1 p r o t e c t i o n ? 
There is no engineer1ng edu at on defic1encv in the teaching of basic 
t h e o r y and t he f u n dam en t c 1 m a t h em a t 1 c s ' and e n ·3 i r, e e r i n 3 
sc1ence 1n engineering sch ols. then is the crisis in the 
qualitv of engineeri 3 e ? Some of the 1ssues enumerated 
below 1lluminate the chal 
The present theoretic 
to the practice of e 
Engineering e uca i n 
ineering technologyt 
rriculum has very little relevance 
ri 
rly void of the teaching of eng-
Engineering prograMs p ovide an inadequate laboratory exper-
ience for rel ing basi the y and funda•entals to engin-
eering syste•s and co• 
The curriculuM ains or no exposure to coaaunica-
Manag Ment, financial and legal consider-
ations• personnel licies and practices, Manufacturing 
processes, innovation' and the interaction between 
technology and environ•e t 1 qual ty; 
Engineering is t 
is practiced on a 
t on a subject basis whereas engineering 
eject basis; 
The curricula for engineering are unidisciplinary whereas 
ineering practice is multidisciplinary, and interdis-
ciplinary. 
Over BOX of American engineers enter engineering practice wi h a 
our year bachelor's degree. Under current standards, this degree 
equires about 130 semester hours• comparable to other four-year 
degree programs in the arts, sciences' and humanities. The 
establishment of the credit-hour requirement had little if anything 
to do with the needs of the prosram, but rather was to keep the 
administration of engineering education competitive with other 
postsecondary education programs' raising the questions of what 
should entry level educational requirements for graduating engineers 
be, and do engineering programs have to be comparable to other 
pos secondary education degrees? 
These questions have been debated extensively over the past 30 years. 
H wever, nearly all data indicate that it is not possible to 
adequately prepare engineers for industrial practice, in light of the 
crisis of productivity and competitiveness, if the undergraduate 
degree program must be held to 130 semester units. Additional 
courses and laboratories are needed to provide students with an 
u derstand1ng of the translation of bas1c fundamentals into practical 
ut1ons. The teach1ng of engineering must be accomplished by 
faculty who can infuse project and industrial practices into their 
programs. These qualitY needs run directly counter to well 
established policies in the en9ineering institutions. 
ome people believe that the four-year degree need not go beyond 
asic engineering fundamentals, and that the graduate study programs 
can provide additional time for increased course and laboratory 
However' the current graduate degree approaches are 
ng• at broaden1ng, and practicing engineers have had 
arket or financial 1ncentive to warrant their investment of 
a d ney in the additional education. 
len e whic the nation faces in productivity and ind strial 
i iveness require whole new approaches in the educatior. and 
en neers. Solutions will require many traumatic changes 
i a na po icies• institutional administration' commitment from 
ndustry, coordination within the technical community• and profour)d 
redirections in accreditation policies and procedures. To effect the 
crucial changes, the proactive political constituency must be 
eveloped which is a key element in the public policv process. 
P ority must be given to funding at state and federal levels' as the 
qua ity of engineering education will determine the future of the 
nation. The crisis may appear subtle to business and government 
polic akers preoccupied with the near-term solutions for political 
and f nancial reasons. However, if action is not taken, the nation 
sh ld be prepared to see a steady decl1ne 1n the star1dard of living• 
the q ality of life• and in the leadersh1p role which the u.s. has 
histor1callv played in the world. 
N R DUCTION 
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The situation was 
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ver s•J':C 
a '::', h e rJ t h e n. 
a small rcd1o 
world. Th':'-
w ve thro qh thP 
nation's policy process. History will record the i~pact of that 
Congressional decision for all future generations. However, Congress 
did not accept the responsibility for its actions. The rationale was 
that the United States was deficient in the education and training of 
engineering ~anpower and lacked technical capability. 
Subdued in the historical record is the fact that the u.s. had a 
nu~ber of ~ilitary systems that could have been used for greater 
theatrics and scientific acco~plishments far exceeding the Russian 
event. The u.s. had Jupiter c, Redstone' Bomarkt and other 
operational missile systems. The Atlas and Titan missile systems 
began development in 1955, and these rocket engines were considered 
by some to be the at the limits of technology in their size and 
thrust. By 1958, these •advanced" rocket engines were well along in 
their development and were ultimately used in the u.s. space program 
(after an attitudinal change in Congress). 
Shortly after the Sputnik crisis, the u.s. changed policy and began 
to use military-developed hardware for space research. The manned 
Mercury mission was accomplished using the Redstone rocket (developed 
in 1954). The Redstone was also used as the launch system for the 
Explorer I mission. U.S. launches taking place virtually months 
after the Russian •accomplishment• indicated that the u.s. previouslv 
had the hardware to achieve more sophisticated objectives ir1 space 
before the Russians' if an American national policv and commitment 
had wished to penetrate this frontier. 
Sputn1k had verv little technical value, but the political 
impl1cations were omnipotent. Tragically, the American science and 
techn1cal policy machinerY is most effectivelv fueled bv political 
threats, real or perceived. Prior to Sputnik' there was no forcing 
function to justifv the appropriation of funds for theatrics 1n space 
before the Russian show. 
wo messages emerge from the 1950's experience: 1) changes in 
national technical policy (for such activities as space and defense) 
will have a direct and powerful i~pact on the engineering job ~arket, 
and 2) ~isinterpretation of •threats• can cause policy changes which 
actually exacerbate the engineering job market and the quality of 
engineering education. 
NATIONAL POLICY ON ENGINEERING EDUCATION 
The post Sputnik era in the u.s. saw major policy changes in the 
federal government's funding for engineering education. 
Unfortunately, many of the federal policies were predicated on a 
perceived deficiency in the u.s. technical capabilitv. The 
assumption was that American engineering education programs lacked 
sufficient theory and basic fundamentals. To correct this perceived 
problem, the federal government poured massive funding into the 
nation's schools to strengthen basic research and the teaching of 
fundamentals. Graduate study support, targeted on 1ncreasing the 
nurnber of advanced theoretical degrees, was also increased. The 
graduates of these programs were to become the teaching cadre for 
effect1n9 new directions in eng1neering programs in the engineerJng 
i r, s t i t u t i on s • 
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Federal expenditures for space nse skyrocketed. This 
increase created a new ffiarket engineers. In addition, 
govern~ent procure~ent practices Cost Plus Fixed Fee 
<CPFF> contract for research d p ent, strongly stimulated the 
defense and space contractor es ively compete for engineers 
to staff their potential teams ni ersities were being asked to 
produce more engineers. i e u ber of graduates, the 
universities reduced the requirement for an undergraduate degree 
program to make engineering competitive with other four-year 
curricula. In generalr a "four-year• degree program, in most fields 
other than engineering• was ansi ere o be 120 semester hours of 
study. Prior to that time• man of the country's engineering schools 
required upwards to 160 seme te h u for the bachelor's degree irt 
engineering. 
Reflecting on the 1950's, what can be learned? 
The procurement policies of the feder l government are one of the 
most profound factors influencing the engineering job market <supplv 
and demand) and the quality of engineer1ng education. It is somewhat 
a case of the golden role, "he who as the gold makes the rule.• 
THE LESSONS OF THE 1960'S 
Rapid changes in the qualitv a q an ty of en·31nee in·3 talent 1r1 
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PREDICTING THE ENGINEERING JOB 
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tra ed efore Sputnikl Th1s 
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RKE - QUANTITY 
During the 1960's, attempts a e o edict the engineering JO~ 
market. The technique receiv n the greatest recognition then and 
now used data which indirect y e ated p curement practices. An 
advertising firm in New York c rr la dollars spent for advertising 
for engineering talent in ne d ec cal journals to the 
engineering job market. This Index. 1960 was 
taken as the datu!TI po1n wit of 100. As the 
Index 1ncreased, supposedly m rket indicated 2 
s h or t a ·a e of e r, ·3 :i nee r s • A s e "'a r k e t was softer, 1 r1 .:1 • 
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9 neering unemployment level at 
eremployed. Phd engineers were 
attendan s rather than be 
ef t t rough the market as 
hose who would normally be 
Non-defense employe s were o hi e ex-aerospace workers. 
Employers expressed the feelin aerospace engineers were narrow 
in thinking, highly theor t ca eking practical understanding 
o f the co"' pet i t i v e 111 a r k e t ; f t e s e eng i nee r s w e r e s e e r' a s 
not cost conscious' were over aid and underutilized, highly 
specialized, ar.d lilt .. ely to leave the1 new ,iobs ar.d returr. to 
aerospace wher, government policy reversed i technical procurements. 
The consumer product and non-defense industry could not absorb the 
massive numbers of engineers displaced by tl1e federal procurement 
cutback~,. 
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aerospace engineering currie 1 
to foster new programs in energy 
programs in energy. 
e elo ed in the 1960's and sought 
Some ev n proposed new degree 
T h e En e r g y c r i s i s d i d no t c r s eve l o f e de r a 1 c o m 1T1 1 t m e n t 
as did the defense and spac a e of he 1950's and 60's, 
However, the 1970's saw the con dismantli 9 of some of the 
~ajar elements of the spac f c ssf lly landing men 
on the moon and returning them sa to earth, the man-moon program 
was terminated. All remaining moon mission hardware was scrapped or 
salvaged, contracts were completed, technical teams were 
disassembled, and all manufacturing, test• and launch facilities 
associated with the man-moon mission rogram were destroved as a 
requirement for contract close-au 
THE CRISIS IN ENGINEERING FOR THE '80 S AND BEYOND 
The nation is experiencing the worst international deficit in trade 
balance in history. There IS concern for Increased productivity, 
quality control, product development, entrepreneursh1ps' 
intrepreneurship' industrial developme t• and industrial 
competitiveness. The u.s. must learn to compete effectively in the 
world market. American industrv must develop the means for 
attracting the An1er 1caro cor.s•.•n,er bac'" lo don!i:>stic prod•Jced prorJ•.1c 1_,<:,. 
Amer1can schools must be concerned with the qual1tv of their 
8 r a d u a t e s a r, d n e v e r s a c r i f i c e t h a t o b ,i e c t 1 v e t o i n c r e a s e r.u n, be 1 s r • f 
graduates. The t1me for rhetoric 1s over, and action must be ta~en 
o r, a 1 1 f r on t s • T h e r e a r e n o s i 111 p l e s o l '-' t i o n s t o A 111 e r i c a ' s c 1_1 r r e ro i_ 
c r i s i s ' and p o 1 i c v 1T1 a k e r s il1 IJ s t be w i 1 l 1 n •j to 111 a k e d 1 f f i c u 1 t d P c J •; 1 rJ 11 'co 
in the face of established veste interes 
The quantity iss 11 e can be e so 1 v e d 9 1 t e e as i 1 y • I r, a free e con o il1 v • 
there is one way to determine a shortage of a anything; it is the 
p r i c e t he If• a r k e t i s w i 1 1 i t o p a y • A l o t o f s t a r t i n 3 a r1 d 1T1 e rj 1 2 11 
salaries for engineering ta e eve the e od of 1960 to the 
present, adjusting the salary nu erical values bv the consumer pr1ce 
index' is quite reveal1ng. The data ind1cate an increase in the 
value of an engineering manhour from 960 to 1967. After 1967 and 
through to the present, there s been a s eady decrease in the 
actual remuneration level for e ineer1n3 services. For the most 
partr since 1967, the value ing service has not increased 
even at the rate of inflatio 
T h e a "' o u n t of d i s p o s i b 1 e i r, co 111 e t h a t clri e r1 '3 1 nee r h a s a f t e r 111 e e t i n ·3 
a 1 1 f i :-: e d o b 1 i 3 a t i o n s c a n be co r r e a d t he q u a l i t y o f l i f e • I n 
t h e 1 9 50 ' s , 1 e s s t h a rr 2 5/. o f a n en 3 i r, e e r ' s 8 o s s 5 a 1 a r y r e p r e s e n t e rj a 
house payment. In 1985, in ffia t beds of engineering 
employment, the house paymen oss nco e for the 
engineer. Thus the "Amer can de e owne sh1p is den1ed mos1. 
young engineers unless there are two work1ng embers of the famil,; 
and the total income of one is dedicated to house pavments. 
0 v e r t he p a 5 t t w o v e a r s , t h e t h ' s c 1 e q e p J a c e 111 P n t 
offices 1ndicate that the actual cons1 er1ng lnflation) sta1 L1n~ 
s a l a r ·! e s f o r 5o 111 ~,· t.:i i s c 1 p l i n e s o f e 8 1 n e e 1' i n 8 h a v e d e c 1 1 n e d • T h 1_1 :-. , 
t ll e j o b 111 a r k e t ' a s 1 n t e r p r e t e d t h r o 1_1 3 h o r 111 a 1 s p 1 y a n d d e 111 2 n d 
coefficients, says that there is no shortage of the "commodity• 
called engineers. 
t then is the problem? 
PRODUCTIVITY AND INTERNATIONAL COHPETITIVEN 
The u.s. still invests heavily in basic research and product 
development. Hany of the breakthroughs in electronics' biogenics, 
and other areas are the result of the nation's public and private 
research efforts in educational institutions, industrial firms, and 
public research facilities. The challenge the nation faces is the 
translation of research discoveries into new high quality products at 
competitive prices; this is one area in which the competitive crisis 
exists Cost of labor, automation' new systems, management 
pproaches, labor/management relations' labor laws, and other factors 
contribute to this challenge. Engineering is a principal element of 
the challenge; it is at the heart of the innovation process. 
Ar1 old 111idwestern farn, phrase is quite apropos. "A sill', purse cannot 
be made out of a sow's ear.• The qual1ty issue must be directed to 
the capability of American engineering to deal with competitiveness. 
The current challenge facing the quality of engineering education is 
t a deficiency in theorv and fundamentals. Current engineering 
r grams are steeped in these areas. Students also rece1ve an 
e ',~ c e 1 l e n t e >~ p o sur e to t h e f i e l d of c o I'll p 1.1 t i n g s c i en c e • T he c h a l l e r1 ·;::~ e 
is that the current engineerirtg curricula do not prepare eng1neers 
for the realities of industrial practice in the crisis of 
c o 111 p e t i t 1 v en e s s • 
In some respects, the educational system can be compared to a maJor 
martufacturer subcontracting the production of components or 
es In this analog, the manufacturer is the industry 
neers. The engineering schools are the subcontractors. 
r 3 schools <subcontractor) determine the design a d 
on o t e engineer (the component to be supplied), and the 
ufactu er accepts the product as delivered and attempts to 
des or modify it to meet the needs of industry. What 
actu er would use this approach in normal business? What 
man facture would issue an open purchase order to a supplier to 
produce •something• and then completely remanufacture the supplied 
component after receipt? 
The challenge facing the nation in the preparation of engineering 
talent lies in resolving the wide difference of opinion concerning 
the skills which the engineer should possess upon graduation. The 
educational process assumes that every engineering student is a 
car,didate for graduate work in a theoretical or fundamental field. 
The goal has not been to produce highly capable and product1ve 
individuals for industrial enterprise. The engineering curr1culum 1s 
u n i d i s c i p 1 i n a r y i n nat u r e ' taught ora a sub J e c t b a s i s ' a r 1 d h a s a 
"micro• orientation; whereas engineering pract1ce is 
ir,terdlsciplinary and multidisciplinary, practiced on a proJect 
basjs, and has a •macro• orientation. Here lies the problem' 
PERCEPTION OF E QUALITY ISSUE 
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A cursory survey of industria 
statement that new engineering 
good background in theory a d 
had--'' 
produce a general 
ery bright, and have a 
The best we have ever 
A more in-depth exploration t firms brings forth a 
new set of data. "Our eng e are w r s. cannot writer have 
little command of communicatio arts. have no knowledge of industrial 
management, do nat know haw to translate theory into design, have no 
knowledge of manufacturing practices, would rather play with the 
computer than so to the shops and war w the technicians and 
machinists, know nothing about arke ing, don't understand problems 
associated with labor managemen law a d collective barga1ning, and 
are insensitive to cost,• lame any ndustrial managers. 
Engineering graduates must have a higher than average I.Q. or they 
would not make it through the rigors of an engineering program. 
However, a high I.Q. does not automati ally guarantee success and 
productivity in the industrial environ ent. Current engineering 
curricula need to be strengthened o inc ude courses and laborator1es 
crucial to increasing engineer 8 capabil1tv in industrial pract1ce. 
In some respects, the term "engineering de ree• todav would more 
a c c '' r a t e 1 y b e c a 1 1 e d a n • e n ·3 i n e r 1 r1 ·3 s c 1 e r' d e :3 r e e , • 
THE SOLUTION 
T h e c h a 1 1 e n g e o f i n t e r n a t i o n a 1 c om p e t i t 1 o d 1 c t a t e ~ t h e r e '={ '-' 1 r e 1T1 e n t 
for a a new co"'"' it 111 en t to e :< e 11 e e in tech r, 1 c a] e rJ '-'cat 1 or, • It J ~ 
recommende~ that: 
The •numbers game" shoul be abol s ed permanently. 
The engineering schoo sr 
from industry an g 
turing engineer 9 
the challenges of 
Programsr such as t 
by the National Scien 
the prime purpose 
ins education. 
guidance and support 
move quickly in restruc-
engineers to address 
ompetition. 
s arch Centers sponsored 
sh u be expanded with 
erdisciplinary engineer-
Universities should recognize industrial esearch and exper-
ience as equivalent to ac dem credentials and basic re-
search in providing tenure-tra op r n ties to non-Phd 
faculty. 
Accreditation requi em 
the stimulus for i c e s 
innovation and entrepreneurship 
States should recogn 
of competition can and s o l 
level and then develop 
funding, to effect cha 
modi ied to provide 
eering understanding of 
in w r d competition. 
y t e challenge 
ddre sed at state 
ac~ed with appropriate 
y s pported institutions. 
Support •echanis•s •ust be developed to permit private post-
secondary educational institutions to provide broad flex-
ibility in their prograMS• 
Para~ount in all of these recommendations is the assumption of 
responsibility for effecting meaningful change. Presently, no s1ngle 
organization has the responsibility, authority, or commitment to 
provide the forcing function crucial to implementation. The 
initiative must come from an awakened and proactive private sector. 
The stimulus for profound change can come from the public sector, 
The educational sector is a service industry whose mission should be 
an accurate and rapid response to a critical need. 
CALIFORNIA ENGINEERING FOUNDATION 
913 K Street, Suite A 
Sacramento, CA 95814 
916-448-5411 
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recent past, of course, increased immigration but especially an enormous 
in Pacific Rim trade has reawakened an interest in this area as a natural 
for Californians, and the ease of transit among nations over this vast 
globe makes it even more popular. Such developments have had a pro-
economic influence. In 1982, the volume ofU.S. trade which crossed the Pacif-
that which crossed the Atlantic for the first time in history. The eco-
the Asia-Pacific Region is now more than two-thirds of the U.S. 
Product; 20 years ago it was only one third. Strong exports have 
this spectacular growth, especially to the United States where California 
had $54.5 billion in imports during 1985 -- and less than half that amount of 
-- an unprecedented imbalance. Still, California leads all other states in 
exports, and is among the top three states in agricultural exports. 
important milestone is that in 1984 the Port of Los Angeles surpassed New 
in international trade volume. Clearly, California's geography, economy, and 
places it in a position to provide technological and economic leadership 
the Pacific region. 
California has many links to Pacific nations beside trade. It is home for millions 
with strong ties to the west and south, receiving some 30 percent of all the 
who come to the United States from the Pacific basin. The Chinese pop-
in the San Francisco Bay area is the largest Chinese population outside 
Mexican population of Los Angeles is second only to Mexico City's; and 
the nation's Indochinese refugees live in California. 
of Education 
is especially unfortunate that California students have 
knowledge of the region and of the different cultures. Most high 
are poorly prepared to teach international and trade issues; only 5 
prospective teachers, according to a Stanford University study, have 
course relating to international affairs or other cultures as part of their 
training. That same study found that most California high school stu-
graduate with less than three weeks study of Pacific Rim nations. Only 15 
of American high school students studied a foreign language at all in 1985, 
percent of all Americans can speak, read, or effectively understand any 
than English (except for native speakers of other languages). Con-
with the requirement in Japan that high school students must study En-
years before high school graduation. 
of higher education, California's colleges and universities do offer a wide 
programs related to the Pacific region and many students do have some 
through courses and seminars about the languages, history, politics, cul-
-170-
dents can 
only 68 students 
seven European 
tions 
ed for 
1 
assistance 
• Other 
recently 
to 364 who chose the 
Rela-
en-
Such a project 
mand for language courses both at the secondary level and in postsecondary educa-
tion is likely to increase because of this added requirement. 
State Action to Encourage More Education 
Relevant to the Pacific Rim 
In terms of State action, one of the more significant initiatives is legislation in 1985 
which established the California International Studies Project, a network of centers 
devoted to inservice training for school teachers. In social studies and foreign lan-
guages, these centers work with teachers to upgrade the curriculum on other coun-
tries and cultures, with particular emphasis on the Pacific Rim nations. 
Another significant statement of legislative intent was Assembly Concurrent Reso-
lution 82, adopted in 1986, which stated that "for California to prepare for the future 
within an internationalized economy, it is possible that more students will need to 
be educated in the business, political science, sociology, history, language, religion, 
economics and culture of Pacific Rim countries." The Resolution requested the Uni-
versity of California, the California State University, and the California Commu-
nity Colleges to study nthe role of their respective institutions and particular cam-
puses in meeting the needs of the State in furthering its economic position and lead-
ership." The result of this effort was the first inventory of Pacific Rim research and 
instructional activities conducted by public higher education, and to some degree by 
private institutions. 
In reviewing this inventory and other materials, the Postsecondary Education Com-
concluded that State policy should do more than simply encourage more 
about the Pacific basin. Rather, the Commission identified a compelling 
need for leaders among the educational institutions and those in business and indus-
try to identify the specific knowledge and expertise needed for college graduates to 
be valuable in their company's relations with other countries. For example, most in-
ternational firms eagerly seek graduates who speak Japanese, but they find that 
most who are fluent now are oriented primarily to the cultural aspects of Pacific 
countries rather than to their business or political climate. 
Stated simply, we need a clearer view from employers about their needs for doing 
business around the Pacific. Currently, there is much confusion about what to ex-
pect from educational institutions. For example, the California Economic Devel-
opment Corporation's influential "Policy Agenda," published last year, stated that 
"to successfully compete in a global economy (especially the Pacific area), California 
businesses require workers whose basic skills include a knowledge of the languages, 
histories and traditions of our trading partners." Quite true, but what level of skills 
among which kinds of workers will be needed? Will employers pay substantially 
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Such expanded attention is no small undertaking, but the partnership is vital if our 
nation is to enjoy social stability and to compete successfully in the arena of interna-
tional trade. 
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The ability of U.S. businesses to adapt and succeed in 
a rapidly changing international marketplace is 
contingent on the ability of our education system to 
produce highly flexible and adaptable graduates. 
We continue to benefit greatly from our education system, 
for it is fundamentally the products of our education system 
who have enabled us to succeed internationally. However, we 
have serious concerns about the ability of our system to 
provide the talent we and other companies will need to compete 
in a rapidly changing environment. 
As we look ahead to the 21st century, we see the 
requirements of the workforce rapidly changing. The following 
table, published in the impressive study Workforce 2000, 
provides an excellent overview of the changing requirements: 
THE CHANGING OCCUPATIONAL STRUCTURE, 1984-2000 
OccupatiOn Cu rr<nt Jobs ~t"\\ lobs Rate of Gro\,·th 
(rob) iOXls) (f\·rct.•ntage) 
Tot• I 105,00$ 25.952 25 
ServKt' Occupations 16.059 5.957 37 
M.lMgcnal and Man.tgc-m<'nl· 
Related IO.R93 4.280 39 
Markl"hng .lnd Sale-:" IO.n56 U50 39 
Adnunistrattve Support 18,463 3.620 20 
TcrlmKlan"s ),14<> 1.389 44 
He•lth Ow1goosmg and Trt•atmr; 2.478 1.384 53 
OcrupatK>ns 
Tc..cht.'TS. Ubraruns. anJ 4.437 1.381 31 
CounSC"Iors. 
M('("h;.tmcs, lnsta:llcrs. and Rep<urers 4,2&4 %6 23 
Transport}lhon and HCAV)' 4,604 752 16 
Equtpmcnt Opcr•tors 
Engmt"!.'rs. Ardutros.. and 1,447 600 41 
Surveyors 
Construction Trades 3.127 595 19 
Natura!. Computer . .lnd M7 442 66 
Mathematical 5<:-tenflsb 
Wntf•'l·•-., Amst~. Entmoun.cr~. and 1,092 425 )~ 
Athk"tt.'"> 
Othcf Prt l'l("'SSK)rut lc; And K2S )55 43 
f':araprol("$S.On.lb 
f..owyt.,; •nd Judt;t'S 4='7 326 71 
Suc~Af. Rt."Cl't"atM.M'\.31, .11nJ Rdt);MIU> 759 235 31 
W<>rk<-rs 
tw1pcrs •nd Labo<ers 4.11>8 205 
Soriol S.:.....t.sts liJ :1'0 40 
fnoostOn Prud.uctKtn w( lfkt•f':) 2,79<1 61 
Pbnt .-nd System Wt.trh"f"<". 275 30 13 
Blue Collar Sup<"'"'"""' 1.442 ··n 0 
Mtnt-rs 175 ·28 - lo 
1--'Und W woriu.-1"5. A~~t-rs.. and 2,1oll4 ·17'1 . 7 
Fiabncators 
MaduM Setters. Operaton;, •nd 5527 448 ·>' 
Tend<>rs 
A~ncuftu~. ~ry. arw.i Ft'!'ht·nc.-.... 4 41411 '>."II< !2 
'Sourtt Hudson fnshtutt· 
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o Currently, fewer than 50 percent of high school 
seniors read at levels considered adequate for 
carrying out even moderately complex tasks, and 80 
percent have inadequate writing skills. In a recent 
national study comparing mathematics skills in twenty 
nations, U.S. youngsters made a mediocre showing at 
best. Not only are our public schools failing to 
develop basic skills, they are also failing to develop 
the higher-order skills needed for the new information 
age. 
o In contrast, Japan, America's most important economic 
competitor, has the highest rate of high school 
completion and literacy in the world, close to 100 
percent. Japanese students study more and learn 
more. They spend more time in class than their 
American counterparts do; and by the time they 
graduate from high school, they have completed the 
equivalent of the second year at a good American 
college. In science and mathematics, Japanese test 
scores lead the world. 
o Japanese schools do not restrict themselves to 
technical training and rote learning. Japanese 
children are taught to appreciate the value of hard 
work and self-discipline; of teamwork as well as 
competition. 
The problems of education encompass, of course, not only 
pre-school, elementary, high school and college students but 
also the needs of the employed and unemployed who require 
itional training. Consider that while today's workforce 
constitute more than 85% of the workforce in the year 
a ignificant element of our workforce is functionally 
i te a e. As Pat Choate has noted in his recent work "The 
Flex Society: Shaping America's Economic Future: 
"A growing number of Americans are unprepared 
for the work ahead because of educational 
skill deficiencies, alcoholism and drug 
abuse, limited work experience, and an 
inability to make the transitions from school 
to work, job to job, or one occupation to 
another. The largest group of these workers 
is the functionally illiterate: the almost 
30,000,000 Americans - one in five adults -
who are unable to read, write, count, shop, 
locate needed services, follow the directions 
on a bottle of medicine, or understand basic 
concepts such as insurance and banking .... 
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All of these studies recognize we face a major national 
problem which cuts across political, economic, and social 
boundaries. Much has already been done to define the problems 
and solutions; progress has been made in California and 
elsewhere to improve the system. Yet we have only begun to 
scratch the surface of this tremendous problem. 
I have real doubts about how much further and faster we 
can progress until we develop a national strategy which links 
the many disparate parts of our "education and training system" 
into a more coherent plan of action which calls for both State 
and Federal Governments to: 
1. Develop and implement a national policy which links 
our trade, education and national security 
requirements. 
This policy should clearly state that education is key to 
our national survival. The principal objective of this policy 
should be to eliminate illiteracy by the year 2000. If Japan 
can eliminate illiteracy, so can we. Such an objective and 
policy would help further integrate our various state, federal, 
and national public education and worker training programs. 
2 . Give highest priority to targeting our resources and 
technology on pre-school and elementary school 
education. 
Our education system must not just improve the skills of 
students but also their attitude towards the pursuit of quality 
and excellence. Schools must take a much more aggressive role 
in instilling first rate work habits, discipline, and a respect 
for achievement in the minds of children in their most 
formative years. If we do not help develop a culture wherein 
our students understand the importance of being, in effect 
Mnumber one," I fear that as we move through the 21st century 
we may soon find ourselves becoming a nation which is a 
permanent "number two" economic power. We have tremendous 
intellectual and technological resources to prevent this 
catastrophe. For example, certain educational technologies, 
such as IBM's "Writing to Read" program, which is now being 
used by some 500,000 kindergartners throughout America, can 
have a major impact on our school system. 
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American Inability to Gain Market Share in Japan 
Anatomv of the cause 
U.S. companies have often accused the Japanese government of 
being protectionist and discriminating against foreign products. 
Although it is true that on some occasions foreign companies have 
faced various non-tariff barriers, their ability to gain access in 
the Japanese market is at least partially due to their own failure 
to gain the confidence of the Japanese consumer. Even if an 
American firm is well-reputed in the U.S., the firm needs to build 
its reputation in Japan in order to realize commercial success. A 
foreign firm needs to establish a reputation not only for high-
quality products, but also for its ability to deliver products 
promptly and to provide reliable after-sales services. Such 
consumer relations are traditional and are still essential in 
Japan. 
After-sales technical services are especially important for 
sophisticated high-valued products, such as the super computer, 
telecommunication systems, and medical equipment. Any malfunction 
of such products can seriously jeopardize operations at a factory or 
at hospitals. If the quality of two competing machines is similar, 
a manager in charge of purchasing will probably purchase the one 
with better after-sales service even if its price is slightly 
higher. 
In my view many foreign companies, including many high 
technology companies, failed to provide these services which 
Japanese consumers have come to expect. Some didn't even attempt 
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slipping away from them to their Japanese distributors and 
licensees. It was these distributors and lice11sees, and not the 
American firms themselves, who received users' praise and won their 
confidence. Thus many foreign companies failed to capitalize their 
innovative edge as original inventors of products. 
Human Capital 
Though it is not easy, American firms need to respond to such 
unsatisfactory conditions. These firms should prepare a long-range 
strategic approach for use in Japan and other Pacific Rim region 
countries, since it is likely that those markets will grow and be 
most profitable in the future. The next industrial battle field is 
thus likely to be in the Pacific Rim. 
American firms that wish to gain a greater market share in Japan 
or other Pacific Rim countries need to maintain both an effective 
sales force to gain access to potential customers, and reliable 
technical services in each country in order to compete with their 
domestic rivals. 
Th most serious obstacle to such an effort is, therefore, 
human capital. For example, finding skilled personnel for the 
Japanese market, ideally Japanese natives, is very difficult. 
Given the traditional life-long employment system, many able young 
Japanese prefer to work for well-established Japanese companies, 
such as Hitachi and Toshiba, instead of foreign companies. ( I Bt'-1 
Japan is one lucky exception to this rule.) American companies, 
especially many high technology companies with less than ten or 
fifteen years of corporate history, are not secure enough for most 
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type learning, students need to learn and understand enougl1 about 
the overseas culture, language, and market place as well as the 
political economy of targeted nations. Such a program requires a 
multidisciplinary approach, and these different aspects of learning 
must be coordinated in order to meet students' different needs. 
A similar multidisciplinary international program (probably in 
a shorter intensive format) can also be designed for students 
pursuing a scientific career or even for well established 
scientists. Such a program can help an engineer or a scientist to 
contribute to his firm's strategic R&D planning in Japan and in a 
technical venture partnership with a Japanese firm. Graduates of 
the program could also function as intermediaries to transfer 
technologies from Japan to the U.S. Such an ability to learn from 
Japan and transfer technologies, will be, I believe, very beneficial 
for U.S. companies. 
Various universities in California have the ··potential" to 
offer such a graduate program. California has a well diversified 
arge pool of qualified college faculty. Yet today it lacks an 
rganizational structure to coordinate such an effort. Such an 
effort requires cooperation of several different academic 
departments within a university: Economics, Business, Language, as 
well as Engineering and other science departments. I believe that 
the establishment of a totally new framework, i.e. school, 
department, or program, is necessary. Needless to say, instructors 
of such a program must familiar with the Pacific Rim. 
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ABSTRACT 
The Japanese Challenge in Biotechnology: 
Industrial Policy 
Berkeley Roundtable on the International Economy 
University of California, Berkeley · 
Akihiro Yoshikawa, Ph.D. 
The biotechnology-related market in Japan is expected to be 
worth as much as $100 billion by the year 2000. Rather than 
being an industry in and of itself, biotechnology will 
affect many economic sectors, and may soon become crucial 
for maintaining a competitive edge in those sectors. In the 
immediate term, biotechnology will affect industries such as 
pharmaceuticals, agriculture, and food processing; further 
on, and with far greater uncertainty, waste disposal, 
electronics, and materials. 
This report provides a preliminary analysis of Japan's 
industrial policies to promote biotechnology, one of the 
three technologies the Japanese government has identified as 
essential to Japan's future competitiveness. The government 
has introduced various mechanisms, both old-fashioned and 
experimental, to foster Japanese success in biotechnology. 
American firms and policy makers need to understand Japanese 
efforts in biotechnology, just as they have had to 
understand Japanese efforts in advanced electronics. An 
ear start is well advised. 
today may be second to the u.s. in 
development, it is not a distant second. With 
governmental long-term strategic policies and private 
efforts to become more innovative, Japan may rapidly 
up to the U.S. 
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Preface 
The Japanese Challenge in Biotechnology: Industrial Policy, is the first 
working paper in the BRIE Biotechnology series. 
a discussion paper in the sense that we are hoping to receive 
responses from readers. Those responses will be 
incorporated into subsequent studies. We hope that such an interaction 
readers will stimulate better understanding of the issues 
biotechnology. 
1. Japanese Biotechnology: Development of New Drugs. 
2. In Search of the "Ultimate Map" of the Human Genome: The 
Japanese Challenge (originally prepared for the Office of 
Technology Assessment, U.S. Congress; release of the study is 
pending approval from the OTA). 
responses and inquiries concerning the BRIE biotechnology project 
these working papers should be addressed to: 
BRIE/BIO PROJECT 
2234 Piedmont Ave. 
University of California 
Berkeley, CA 94720 
to thank Dr. Stephen Cohen and Dr. John Zysman, Co-
BRIE, for sponsoring this study and providing me with 
Dr. Chalmers Johnson encouraged me and gave the 
to write this working paper. Dr. Ed Blakely and Dr. Suzanne 
, with whom I am conducting a biotechnology policy research 
for California Policy Seminar, gave me useful comments. I 
like to acknowledge Mr. Brian sway, the Executive Director of the 
California Industrial Biotechnology Association, for providing useful 
llectual insights. I also thank Maya Melody and Jay Tharp for 
and helping me throughout this paper. 
Yoshikawa, Ph.D., is an industrial economist at Berkeley 
on the International Economy (BRIE), University of 
, Berkeley. BRIE is a university-based research institute 
conducts specialized analyses of issues related to high technology. 
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Although American entrepreneurial start-up companies have been the 
innovators in biotechnology, the u.s. may be unable to maintain 
itiveness. The 1984 OTA Report states: 
Japan is likely to be the leading competitor of the United 
States for two reasons. First, Japanese companies in a broad 
range of industrial sectors have extensive experience in 
bioprocess technology. Japan does not have superior 
bioprocess technology, but it does have relatively more 
industrial experience using old biotechnology, more 
established bioprocessing plants, and more bioprocess 
engineers than the United States. Second, the Japanese 
government has targeted biotechnology as a key technology of 
the future, is funding its commercial development, and is 
coordinating interactions among representatives from industry, 
universities, and government.3 
Today some important questions are whether Japanese industrial 
can realize the same success in promoting biotechnology as it has 
its semiconductor industry, and whether Japan can realize a 
tive edge in biotechnology. This report analyzes the Japanese 
's efforts to promote biotechnology. 
Junne also argued that this wide applicability of 
qualified it as a strategic sector: "Since it is not only 
a new area of growth, but since it has fundamental implications for 
all sectors of the economy, biotechnology can be regarded as a 
strategic sector'--not in the military sense but in the economic sense 
decisive for the future international competitiveness of 
economies." Gerd Junne, "International Interaction Between 
Policies: The Case of Biotechnology," paper presented at the 
Congress of the International Political Science Association, Paris, 
15-201 1985 • 
OTA, Commercial Biotechnology, p. 8. 
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commercially useful 
of rDNA in 1973 that 
explored. 
In the u.s., 
in about 1976, 
firms (NBFs), began to 
U.S. a s 
increased greatly 
Table 1). 
Pinter, 
1980 
1 
to war 
new 
00 
start, 
s to (see 
these firms were established by entrepreneurial university 
ists. One of the founders of Genentech, Dr. Herbert Boyer, was a 
ssor at University of California, San Francisco, and Dr. Ronald 
Cetus, a Nobel lauraute, was at the University of California, 
larly, Genetics Institute Inc. was established in 1980 
Ptashne, who was then Chairman of the Department of 
stry and Molecular Biology at Harvard, and by Dr. Thomas 
s, who later became chairman of the department. More than 50% of 
logy companies established between 1971 and 1980 were founded 
academic scientists.4 
These companies are R&D-intensive, judging both by the number of 
scientists on staff, and the R&D expenditures as a percentage 
assets (see Table 2). 
Table 2. R&D Intensity of Selected NBFs 
company 
fornia Bio-
% of employees 
engaged in R&D 
74.11 
logy, Inc. 
47.14 
86.49 
25.00 
R&D spending as a 
% of total assets 
30.95 
27.20 
51.04 
9.26 
1985 annual reports and SEC forms 10-K. 
are responsible for most of the technical innovations in 
logy in the U.S., for example using rONA to produce therapeutic 
and applying hybridoma technology to diagnostics. 
4 However, there has been a decline in numbers of academic founders 
1980s. Between 1981 and 1986, the majority of biotechnology 
were founded by people from industry: Mark Dibner, "Commercial 
's Founding Fathers," Bio/Technology, June 1987, p. 571. 
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f 
many of the biotechno 
arrangements are not s 
don't the resources 
products. They also lack 
reputation that larger 
alpha interferon resulted 
while Eli 's 
Genentech. 
Larger 
Although some or 
1970s, acquisitions 
Pharmaceutical 
that more 
based on 
and advertis 
the co:rnmerciali 
advantage of large f 
f rms 
's 
aggress 
lengthy clinical testing and with the regulatory process.5 
Table 3. Equity Purchased in Biotechnology Firms 
firm 
Baxter Travenol 
Becton Dickenson 
Bristol-Myers 
Charles River Lab. 
Damon Biotech 
Dow 
Du Pont 
Fluor 
Hybridoma Sciences 
J.G. Boswell 
Johnson & Johnson 
Lederle ·· 
Lederle 
Lilly 
Lilly 
Lubrizol 
Martin Marietta 
Monsanto 
Monsanto 
Schering-Plough 
Schering-Plough 
SmithK.line 
Ventrex 
i 
biotechnology firm 
Amgen 
Genetics Institute 
Applied Biosystems 
Genetic Systems * 
Atlantic Antibodies * 
Biotherapy Systems * 
Collaborative Research 
New England Nuclear * 
Genentech 
ICL Scientific * 
Phytogen * 
Enzo Biochem 
Molecular Genetics 
Cytogen 
Synergen 
Hybritech * 
Agrigenetics * 
Molecular Genetics 
Biogen 
Collagen Corporation 
Biogen 
DNAZ Ltd. * 
Beckman * 
Genetic Systems 
Bioclinical * 
Immuno Modulators Lab. * 
Amicon * 
Cetus Madison * 
year 
1980 
1982 
1984 
1985 
na 
na 
1981 
1981 
1981 
na 
na 
1982 
1981 
1983 
1984 
1985 
na 
1982 
1980 
1980 
1982 
1982 
1982 
1982 
na 
na 
1983 
na 
Dibner, "Biotechnology in the American Pharmaceutical 
Japanese Challenge," in Daniel Koshland, ed., 
Biotechnology: The Renewable Frontier (1986) and Peter Daly, The 
Biotechnology Business (1985). 
5 The development of ~onoclonal antibodies for use in diagnostics is 
In the first stage of development, the key to success was 
create biotechnology-based diagnostic kits that were cheaper than, and 
as accurate as, conventional diagnostics. At this stage, good 
development were the keys to success. Today, the products 
ined, and many companies produce diagnostics that are 
identical. Therefore, the key to success is product 
and marketing, as evidenced by the prevalent advertising 
test kits. 
-200-
NBFs are 
started making net 
throughout 1984. 
"Hybritech 
oriented start-up 
are developing, 
products •.. " 
in the u.s 
are entering 
these 
In 
its at 
19 
entrepreneurship to a 
labor market 
discourages 
univers 
rose 
to re 
A rigid 
start his/her own company, the majority of Japanese firms working in 
logy are large established firms with backgrounds in the 
1 or chemical industry, although some are from the food 
try. 
ITI. ECONOMIC IMPACTS IN JAPAN 
The government of Japan has specified three technologies as "Basic 
Technologies for Future Industries." They are new materials, 
croelectronics, and biotechnology. The government has introduced 
policies to promote these three areas. 
FIGURE 1: Past, Present, and Future Technologies 
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1 
but cannot 
various estimates 
economic importance 
one industry source, 
reach $40 to 60 bi 
alone, the government 
A more optimistic estimate 
center (BIDEC) maintained 
will reach approximately $1 
( see Table 4) . 
These 
depend on various 
8 This 
Technology 
figure was 4.2-6. 
current rate 
definition, 
Economic Journal 
recent survey 
biotechnology 
in newly developed 
Japan. 
at 
28 to 45 8 
(15 
rate of industrial application in each market, and most importantly 
finition of biotechnology. Thus these estimates are not free from 
accusation that they are simply "facile and stupid."9 
Can biotechnology generate as much economic expansion as did the 
of microelectronics? Although its impacts on medical 
sc and the economy are expected to be significant, the economic 
may be limited compared with those generated by developments in 
lectronics.lO Employment opportunities created by the development 
logy are also limited because the technology is capital- and 
-int~nsive, not labor-intensive. 
4 shows that biotechnology will affect a wide range of 
tries. Industries such as food processing, chemical manufacture, 
agriculture will experience some fundamental changes in market 
finition.ll Although still in the distant future, development of 
applications in electronics, i.e. the biochip, may create 
microelectronics revolution. 
lkington, The Gene Factory: Inside the Genetic and 
Biotechnology Business Revolution (New York: Carroll & Graf Publishers, 
I I 1985), p. 44. 
10 compared to the other two, the size of the economic impact of 
is smaller. The total economic value created by the 
of microelectronics is estimated at 163.2 trillion yen, and 
at 57.9, whereas the estimated market size for 
logy is only 6.6 trillion yen. 
example, today we can observe a mixing of agriculture and 
through the use of genetic engineering. 
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industry 
agriculture 
livestock 
forestry 
food 
pulp 
chemical 
pharmaceutical 
pesticide 
energy 
the 
utility 
electronics 
TOTAL 
prices. 
year 2000, 21 
yen 
estimate 
pharmaceuticals 
pharmaceutical 
based market. 
an even higher 
more 
12 
24 
23 
5 
13-16 
89.9 
2,598.3 
3 1 5 • 
141 6 
.8 
50% 
biotechnology-related market in the year 2000.12 
The changing age structure in Japan helps explain the Japanese 
with pharmaceutical development. The proportion of people 
over the age of 65 is expected to rise from 10.1% in 1985 to 
. % f the total population by the year 2000. It is expected to be 
more 20% by the year 2010. As Japan's population ages, diseases 
associated with aging will increase as well. Such diseases include 
imer's disease, diabetes, deficiencies in enzyme and hormone 
, osteoporosis, and thrombosis. 
In the u.s., one-quarter of the Caucasian women over 65 years old 
are lieved to suffer from osteoporosis, or the weakening of bones, and 
number of patients is about 15 million today.13 Annually more than 
,000 people in the u.s. are diagnosed with Alzheimer's.14 It is 
ted that approximately one million people will suffer from 
's in Japan by the year 2000. 
In Japan, studies on new drugs for diseases related to aging are 
as are cancer-related studies. Along with the many firms 
diseases of aging, Japan's government is conducting 
projects on the mechanism and regulation of aging. For 
expectation for the pharmaceutical application of 
may be criticised as overly optimistic. More recently, a 
predicted that the economic impact of biotechnology would 
more modest, and would contribute just over 5% of total sales in 
therapeutic and diagnostic market. The estimate was given by Henry 
, President of Boston Biomedical Consultants, Bio/Technology, Vol. 
1987, p. 27. 
13 Elkington, The Gene Factory, p. 103. 
costs Billions, Study Finds," in San Fransisco 
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Table 4 shows 
(3%) have low 
application of 
limited. Applications 
electronics are a 
In addition to 
year 2000 there will be a 
(approximately $2 to 4 
research. Some 
industries might be the 
just as those who made 
rushed in to find 
shovels, and 
According 
expected to 
slightly 
same 
15 These are 
entitled the " 
16 Elkington, 
17 An 
ibid.' p. 56. 
a 
1 
areas as energy and 
that in the 
supply 
race, 
were not "those who 
picks, 
were nl6 
II' are 
at 
on 
ect 
. 5 
Co. 
Table 5: Research-Supporting Industries 
(billion dollars) 
year 
1983 
2000 
Japan 
0.5 
3.0 
u.s. 
1.6 
7.0 
Such a development of equipment and facilities is important to 
re zing efficient R&D in biotechnology. Four key automating 
truments necessary to realize the "revolution" in molecular biology 
re are said to be the protein sequenator, DNA systhesizer, protein 
izer, and DNA sequenator. 
IV. CHARACTERISTICS OF BIOTECHNOLOGY 
Some specific characteristics of biotechnology must be understood 
analyzing Japanese policies to promote biotechnology. 
, one must understand that biotechnology is a "technology," 
II Biotechnology can be applied to various products in 
industries. As shown in Table 4, its impacts are not 
to a single product or industrial classification. The potential 
of biotechnology range from agricultural to 
conditions for commercial success are different in each 
s larly, the environment suitable to promote R&D is also 
each application. Therefore, both corporate strategies to 
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example, policy measures are 
necessarily different 
generation 
Additionally, biotechnology-based products 
are highly diversified, 
although 
estimated to reach 3 trillion yen in· 
according to the type of drugs. 
Another issue 
utilizing the new biotechnology 
conventional 
initial development of 
then-conventional 
complicated for 
created a new but 
industry." 
technologies 
acids, the 
can also be 
chemical synthesis. 
The choice of 
Often 
realized more 
size. example, 
are 
2000, the market varies 
" produced by 
• • I 
was observed 
respect to the 
the issue is more 
one 
IC 
"biotechnology 
I 
as 
be 
logies and experiences. To make a new biotechnology-based drug, 
and diagnostic experience are essential. Traditional expertise 
biotechnology," for example the knowledge of fermentation 
manufacturing sake and soy sauce, may also be useful in 
acturing new pharmaceutical products. Similarly, in order to app 
new biotechnology to agriculture, a fundamental and traditional 
rstanding of plants and cultivation may be essential. Thus many 
conventional areas of expertise may be extremely useful in utilizing 
logy and in developing products based on it. In this manner, 
logy may be able to transform some "old" industries into high-
logy industries, and it may change the nature of an industry 
The traditional agricultural sector may be transformed into 
more engineering-based industry. Thus policy measures may be 
to promote integration of old and new technologies and 
smooth transformation of existing companies. 
Biotechnology is also characterized by its great uncertainty. For 
, although many firms are using biotechnology to try to develop 
-cancer drug, there is much commercial risk involved in such a 
commercial introduction of a new pharmaceutical 
0 years of R&D and testing and $100 million. When making 
investment, it is difficult to know what will be the most 
product in 10 years. Although this is particularly serious 
pharmaceutical applications of biotechnology, it is also true of 
areas. This uncertainty creates further difficulties in the 
long-term corporate strategy and government policy. 
, one should realize that in biotechnology, the distinction 
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sc 
directly associated 
in 
"basic" 
technologies. 
scientific 
applied 
The 
biotechnology. 
industries, 
overlapping, 
In 1984, 
a 
group.18 
cooperation 
biotechnology 
18 It inc 
Suntory, Mitsui 
that no 
effort. 
f 
Because 
19 Many members 
research company 
Technology 
one to 
' 
, and 
to 
of 
often 
j 
Key 
biotechnology has been attempted through the Ministry of 
International Trade and Industry's (MITI) Technopolis project. 
In 1986, the Ministry of Health and Welfare (MHW) established the 
Science Foundation (HSF) to promote the cooperation of private 
, universities, and government in the development of new 
pharmaceuticals.20 With the HSF as an organizational body, member firms 
th government research institutes and/or university laboratories 
various groups to pursue different themes in biotechnology 
lication for next-generation pharmaceutical products. Although many 
firms joined the HSF, it contributed only 860 million yen, to which the 
added 600 million; the rest was contributed by member 
s. The MHW also introduced a measure to promote biotechnology 
more directly.21 In 1987 the MHW established a mechanism to finance 
firms' R&D activities in pharmaceutical products and 
medical equipment, such as nuclear magnetic imaging.22 
Ministry of International Trade and Industry (MITI) is the 
Japanese industrial policy. The MITI has overseen various 
out basic and applied research in biotechnology.23 
over 100 firms, including some foreign-owned firms, joined 
only established pharmaceutical firms, such as Takeda and 
but traditionally non-pharmaceutical firms joined, such 
Asahi, both breweries of beer. 
21 Shakai Hosho, No. 1438 (6/22/1987), No. 1421 (2/21/1987}. 
22 MHW modified the Relief Fund for Adverse Reaction to a Medicine 
so that it also can administer special funds to promote 
development. This is the first financial support by the 
commercialization of products. 
23 One should, however, realize that such cooperative efforts in 
are also being conducted in European countries. Under 
of the Biotechnology Directorate of the Science and 
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are two 
One is 
under the 
Future Industries 
joint research 
Technology Center. 
The Next 
three "key" 
microelectronics, new 
Twelve themes 
were three under 
cell culture, and (3) 
Engineering 
British pharmaceutical 
cooperative efforts 
Biotech," in 
Research 
Agricultural 
Research 
an 
19 1 to 
6) • 
ect which 
were , ( 2) mass 
Food 
Table 6. 
Themes of R&D Projects on Basic 
Technologies for Next Industries 
-------------------------------------------------------
-------------------------------------------------------
project area 
1984 buget 
(~ million) 
-------------------------------------------------------
1. Fine ceramics 
2. Synthetic membranes for 
new separation technology 
3. Synthetic metals 
4. High-performance plastics 
5. Advanced alloys with controlled 
crystalline structures 
6. Advanced composite metals 
New materials subtotal: 
7. Bioreactors 
8. Large-scale cell cultivation 
9. rDNA application 
Biotechnology subtotal: 
10. Superlattice devices 
11. Three-dimensional ICs 
12. Fortified ICs for extreme 
conditions 
New electron devices subtotal: 
863 
527 
340 
301 
568 
658 
3,257 
453 
383 
365 
1,201 
430 
737 
311 
1,478 
------------------------------------------------------
------------------------------------------------------TOTAL 5,936 
To study these three areas, the Biotechnology Research Association 
was established and subdivided into three groups. Each group's research 
was designed to be conducted by cooperating closely with government 
research institutions, such as the Fermentation Research Institute, 
Research Institute for Polymer and Textiles, and National Chemical 
Laboratory. Table 7 lists the 14 firms that joined the joint research 
association. 
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7 
company 
Sumitomo 
Mitusi 
Mitsubioshi 
Takeda Chemical 
Toyojuzo 
Kyowa 
Aj ..I.U'-""'-' 
Asahi Chemical 
Mitusbishi Chemical 
Mitsubishi Gas 
Daicel Chemical 
Kao Corp. 
Denki Kagaku 
Mitsui 
Table 7 
many of the 
chemical 
industries) 
industries) • 
commitment to 
industry once 
chemical 
biotechnology. 
agricultural 
It 
are 
a 
1) 
herbicides and pesticides; 2) industrial biotechnology (amino acids, 
etc.), where they can utilize their experience in enzyme reaction 
logies; and 3) pharmaceutical biotechnology, where the potential 
f high.24 Although the chemical companies have been suffering 
rom adverse conditions in their primary business, they still enjoy 
size and financial "deep pockets." With pressure to diversify, 
se chemical companies may become the most aggressive competitors to 
biotechnology companies both in Japan and abroad.25 
One such company is Mitsubhishi Chemical, the largest integrated 
chemical company in Japan. Its Mitsubishi Kasei Institute of Life 
iences was established in 1971. Considering that one of the earliest 
biotechnology companies, Cetus, was established in 1971, and Genentech 
was established in 1976, Mitsubishi Kasei was genuinely one of the 
earliest entrants to biotechnology. 
Two food-processing companies and one textile company belong to the 
association. Toyojuzo manufactures sake and other alcohols and recently 
at Mitsui Toatsu Chemical stated that biotechnology 
domain of chemical technologies, and chemical 
experiences throughout their chemical business. 
Noguchi, Chief Project Coordinator of the Life 
at Mitusi Toatsu Chemicals, "Biotechnology can be 
as substance conversion technology based on life science, 
can be included in the category of chemical technology. To 
, enzymes and cells correspond to chemical catalysts, 
culture and bioreactor correspond to chemical reaction. 
DNA and cell fusion technologies are catalyst technology." 
September 1986, p. 53. 
their declining business, they may try to break into any 
market. Even if such markets are relatively small, fierce 
may force them to enter in order to preempt the market, which 
cause severe price-cutting and dumping where cost factors are 
, i.e., industrial biotechnology. 
-216-
company and the 
company is one 
Japanese 
"old" biotechnology 
background in 
focus of the Japanese 
company, Takeda, was 
One should 
association are 
specializing in 
There are 
in R&D, especially 
Participants have more 
tend to be unwi 
government-
in cooperative 
The 
of Post and 
26 1986, ·36% 
pharmaceuticals. 
27 Asahi 
and is also 
diversified into 
28 Takeda 
to 
I 
to ze 
one pharmaceutical 
association.28 
no new are 
against other. 
avoid such 
a new 
9 
f 
It 
biotechnology. 
in 
s of NTT (Nippon Te 
was to ze 
re 
or more firms 
s 
f Techno 
"b-nent necessary for the j 
2: Mediation 
Center 
venture 
J~p&A 
:toy t•c.l!.lwlcc-
Ca.cu:at:' 
Te 
sm 
to 
"Law 
II 
29 
are 
and 
70% 
that it was s 
a national 
serious limit on 
jects. 
Four 
f 
Engineering Research 
incorporated. 
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the structure of protein. 
structure is essential to 
pharmaceutical products. 
to be 17,000 mil 
Although Japan 
biotechnology, local 
Research Engineering 
diseases. 
In 1986, two 
, 
Petrochemical, 
conduct 
of Biomaterial 
Bakelite, and 
bioactive materials 
31 Toa Nenryo 
opportunities 
Japanese firms. 
DEC, Nippon Roche, 
were 
, Kyowa 
PERI 
MPT financed 
firms. 
research into 
expected 
$115 10 
a devoted to opposing 
of the Protein 
new 
One was PCC 
to 
to 
to 
artific 1 organs and 
provided to these R&D 
lable from 
from 
Center can realize a 
by 
, a 
or at 
Technology 
s 
a 
recover the 
An overwhelming majority be it is a 
Technology Center can be a lished by 
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Technology 
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new 
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It a 
to 
1 for Science 
of Japan's science 
is 
r 
commerciali 
commercial development may to j 
competition with MITI over Japan's technology-based industries. Since 
the distinction between basic science and applied research for 
commercialization is becoming s c , and at the same time 
fundamental knowledge of science increasingly important for the 
development of new technologies related to areas such as 
superconductivity and biotechnology, introducing its own 
policies to promote basic R&D. STA such activities as a threat 
to its authority. 
STA established the Research Development Corporation to actively 
promote the commercial use of government-owned technologies.32 It was 
designed to support commercial development of technologies that probably 
would not be developed by the private sector alone. It provides private 
companies with scientific findings from public (university and 
government) research laboratories.33 The Research Development 
research 
32 Whereas 
basic research 
Corporation 
technologies. 
33 h In t e u.s., 
was established in 1983 
1980. It was designed to 
owned patents and other 
Institutes of Health and 
Maugh II, "Spreading the Government's 
Technology, August 1985, p. 80. 
of Federal Technology 
Technology Innovation Act of 
lization of federally 
(i.e. the National 
Standards). See Thomas 
Wealth," in High 
has conducted several s 
t has ects 
at Green Cross 
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was mainly for , as mentioned above, some of 
to of technologies. 
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Ministry of 
university and government to research, 
including cancer research. The MAFF (Ministry of Agriculture, Forestry 
and Fisheries) and MHW (Ministry of Welfare) each spent 
roughly 2 billion yen. 
Therefore, total government spending for biotechnology in 1986 was 
approximately 35 billion yen, or $235 million based on a recent exchange 
rate. One should note that this amount substantially larger than the 
estimate presented by other reports on Japanese biotechnology.34 We may 
be over-estimating the total governmental spending for biotechnology 
because the budget for biotechnology is not clearly seperable from other 
expenditures and because various government ministries in competition to 
secure their budgets use biotechnology as an excuse to gain approval 
from the Ministry of Finance. 
Table 8 summarizes the biotechnology-related budgets of various 
ministries, and Table 10 itemizes MITI spendings. 
34 The total governmental ass 
1986 in Japan was $65 million, according 
Institute. According to the same 
for biotechnology research was $5 0 
Bio/Technology (May 1987), p. 43 . 
to be 9,903 million yen ( $66 
"Industrial Policy and Factor 
in Hugh Patrick (ed.), 
University of Washington 
for biotechnology research 
to Nomura Research 
1986, government assistance 
U.S. See 
, Saxonhouse estimated it 
1984. Gary Saxonhouse, 
and the United States," 
(Seattle: 
8. Biotechno 
( 
News, No. 43 ( 
government 
interpretation 
Budget (1986) 
and 
I 
1987). 
2.535 
0.1 
13 4 
2.2 
5.5 
0.1 
10.3 
34.1 
biotechnology in advanced 
required because countries use 
of biotechnology. Data for European countries are 
o It should be noted that the expenditure by 
much larger than that by the Japanese government. 
U.S. funding 1982 was more than twice Japanese 
1988 the u.s. National Institute of Health 
spend more $700 on c 
using a 
in 1988. 
u.s. 
comprised about 50% 
1983, u.s. the same 
two- funds came from 
biotechnology-
-22 -
9: 
-----------------------------------------------
u.s. 522.3 (1982/83) 
Japan 5.2 86} 
West Germany 117.5 (1982/83) 
France 74.8 (1982/83) 
United Kingdom 52.5 (1982/83) 
European Community (EC) 316.1 (1982/83) 
Sources 
Japan: EIDEC News No. 43 (January 1987). 
u.S.: ,Saxonhouse, "Industrial Policy and Factor Markets". 
Others: Junne, "International Interaction". 
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1986 • 
government 
funding in the U.S. 
government primarily , could benefit 
foreign researchers, instead oriented research.36 Japan 
has been criticized as on u.s. science 
and technology. Whereas the u.s. government funds approximately half of 
the nation's total R&D expenditure, the government funds less 
than 20%. For example, 35% of the budget for medical research 
the u.s. was provided by the National Institute of Health (NIH) alone. 
At NIH various basic studies are conducted to find, for example, a cure 
for AIDS. However, in 1986 there were 327 Japanese researchers at NIH, 
and only a small fraction were by a Japanese source. 
American support of Japanese research became an issue when it was 
pointed out by White House 
Tax Incentives 
Japan's government 
encourage 
assets) 
sector. Tax 
promote private R&D.38 
36 See for example, 
Markets," p. 107. 
37 Marjorie Sun, " 
31, 1987, pp. 476-478. 
38 The 1984 OTA 
the tax incentive program 
private biotechnology 
off 37 
tax and conditional loans to 
(depreciatable 
to 
, 
u.s. Exchange," Science, July 
f can deduct from corporate tax 20% any R&D spending 
maximum level of the past. Additionally, a firm can 
assets (equipment, facilities) used high-techno 
spring of 1987, were more than 200 
, of which 114 were f re new mater 
7 logy. 
Table 11. Facilities Eligible for Tax Deductions 
technology number of facilities 
New Materials 114 
logy 27 
electronics 40 
& advanced production/ 
processing technologies 23 
for extreme environment 30 
processing technologies 9 
logies related to space development 9 
217 
Source: Masaharu Higuchi, "Current Status of New 
I and the Tasks of the Future." (February 1987) 
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Technology Transfer 
It was said that in the 198 /1' Japan was at least four years 
behind the u.s. in biotechnology. 1982 to been 
"the year Japan's biotechnology was n39 Since then Japan 
has engaged in aggressive efforts to catch up with the u.s. in the new 
technology. 
Many such efforts involved fer from the u.s. to 
Japan. The table below shows examples of technology transfer in terms 
of joint venture, licensing, and acquisition. So far in biotechnology, 
technology transfer from the u.s. to Japan far more common than from 
Japan to the u.s.40 The smaller biotechnology firms are the source of 
technology transfer to the Japanese. Japanese companies aggressively 
tried to transfer technologies from these smaller start-up companies. 
39 Industry Review of Japan ( . . Shimbun, 1983) . 
40 Although few in transfers from Japan to 
the u.s. have occured recently. are technology transfers from 
Suntory to Schening-Plough , 1983), from Ajinomoto to 
Hoffmann-LaRoche (interleukein-2, 1984), and from Kyowa Hakko to Ciba-
Geigy (interferon, 1985). Existence transfers may suggest that 
Japan has caught up to the u.s. quickly. 
f 
12: U.S .. -Japan 
Mfg. 
size 
5612 
876 
5388 
7769 -
4830 
6465 
3020 
1800 
3374 
6968 
4000 
10600 
12633 
266 
5738 
697 
5435 
8118 
8900 
2689 -
5662 
2903 
5166 --
of employees 
joint 
purchases, 
Hybritech 
Integrated 
Genex 
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Genetics 
ze 
on 
size 
65 
500 
j venture companies, 
no 
Nikkei 
re 
had to sell 
costs. New 
money-conswning 
applications. These 
industrial laboratory to 
The management 
Because many of these 
financial, marketing 
experience in 
Biogen and because 
continues to 
products to such 
Through joint venture 
companies also gained access 
universities, 
university scientists. 
Although 
in biotechnology, 
41 Although most 
innovation and se 
smaller companies 
Some of examples 
in its early days, 
of a large 
Factory, p. 46. 
42 Biogen, 10 
. 
. 
were 
pockets," 
and R&D 
lengthy 
as an 
ly larger 
greater 
marketing than 
resources, Biogen 
of its 
NBFs, large Japanese 
conducted in foreign 
entrepreneurial 
u.s. 
companies. 
However 
a subsidiary 
, The Gene 
s a 
very important fermentation Among the many 
techno log deve f the , an 
acids manufactur most we known. 
are vesse which a p -in s 
raw mater substrate is a us 
fermentation or enzymes. firms developed very 
1 
s systems that greatly decreased production costs. 
can eliminate some steps the traditional production 
lower the total production time and cost. Bioreactor 
will be one of the keys to mass production of enzymes, 
some pharmaceutical products. Utilizing advanced skills and 
these markets, Japanese firms may be to overwhe 
In the amino acids markets, Japanese firms are 
, and Japanese experience in fermentation well 
potential entrants. In short, Japanese f well 
benefits brought by new biotechnology in fie 43 
one of the 
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areas or 
j 
backgrounds, to develop 
not guarantee 
logy. For example, the 
pharmaceutical only a small 
, the key factor in cornmerc 
Trends in R&D 
Expenditures and 
academic sectors doubled 1984.44 engaged 
1985, an increase of about 20% 
over the previous 45 in 
life sciences in Japan is well over 70,000.46 There has been a dramatic 
for the first time exceeded the applications from abroad.47 
As mentioned above, Japanese companies the food, chemical, and 
even textile industry have been aggressive utilizing biotechnology 
developed for pharmaceutical 
Japanese pharmaceutical 
having backgrounda in areas other 
increases are due largely to 
44 
as a 
company, i.e. f 
companies in general 
than smaller f 
big. Additionally, some 
with a large 
diversified, whereas 
Japanese firms with 
money-losing basic R&D. 
observed in the 
45 MITI, 
46 MITI, Ibid. 
47 MITI, Ibid. 
R&D level among 
s ing firms 
pharmaceuticals, and such 
in biotechnology. 
a 
Table 13: R&D Intensity in Japanese Industries 
R&D category pharmaceutical chemical food 
TRD Intensity 9.38 14.77 1.86 
(63.51) (100.00) (12.59) 
OR&D Intensity 1.35 1.43 0.42 
(94.40) (100.00) (29.34) 
RDFOCUS 7.33 7.32 40.21 
(100.27) (100.00) (550.07) 
numbers in brackets refer to the value weighted at chemical = 
100. 
TRD Intensity: total R&D expenditure divided by sales. 
BIOR&D Intensity: biotechnology-specific R&D expenditure divided by 
sales. 
RDFOCUS: biotechnology specific R&D expenditure divided by total 
R&D expenditure. 
Source: Nancy Knappenberger & Akihiro Yoshikawa, "Corporate R&D 
Strategy in Biotechnology: Japanese Challenge," a paper 
presented at the Strategic Management Society Seventh Annual 
Conference, Boston, October 1987. 
8 
48 
emerging biotechnology market is characterized by aggressive 
attitudes toward using the technology to diversity into new 
Many firms are trying to develop new rDNA pharmaceutical 
most of the top-ranking biotechnology firms are 
Between 1982 and 1984, only one pharmaceutical 
in biotechnology-related pharmaceutical patent 
9 Among the the top 10 firms that registered such 
eighth, Takeda, is a traditional pharmaceutical firm. 
registered 54 patents, and Toray (textile) registered 
u.s. various industries are also diversifying into 
However, the extent of such diversification is much more 
the u.s. Japanese food-processing and textile firms were 
first group of firms trying to develop interferons. 
ranking was given in Bio21 Group, Baio Kakumei (Tokyo: PHP 
o, 1984), p. 221. 
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14 patents 
Toray, a 
through domestic 
abroad.50 It was 
example shows, 
chemical industries are 
emergence of the new 
50 
April 1 
Table 14: 
Ajinomoto 
Mitsubishi 
To ray 
Takeda 
51 Toray 
artificial leather 
transferred from 
le firm.51 As this 
, and 
opportunities opened up by the 
Firms 
chemical 
Company 
Economic Journal, 
fibers as well as 
" , 
u.s. as "Nobel 
Japanese 
and ski 
average si 
an 
U.s. Many 
and 
or 
53 
987, p. 26 • 
-2 
success 
I is 
i more 
52 
was not 
was 
Of course, 
s 
i 
in R&D as 
sc f 
to 
s 
were 
ze at 
tute 
I 
developed one 
that "the arrogance, 
ideas ..• these are the same 
the intense self-discipline to 
that he "was no shrinking 56 
, stated 
lliant and give him 
55 Gilbert himself admits 
Today in biotechnology, where a potential scientific breakthrough 
itself may be protected by 
from the market, innovative minds 
can.exclude others 
fundamental breakthroughs are more 
important than in traditional industries. 
Desire to be More Independent 
The Japanese government 
develops its own mechanism to 
unable to maintain its 
Japanese officials, especially at 
concern that unless Japan 
innovative ability, it will be 
in the next century. 
Ministry of International Trade 
and Industry (MITI), believe that Japan should be less reliant on 
technologies transferred from 
technological needs. 
and European 
technology transfer 
firms are cautious 
as they fear possible 
Major legal decisions 
strengthened these 
55 Hall, "Biologists 
56 Hall, Ibid. 
better able to fulfil its own 
imbalance with the u.s. 
, Japan expects 
Today many u.s. 
companies, 
the u.s. have 
is the 1980 decision, 
II P• 44. 
Cohen-Boyer patent, which granted a key patent in genetic 
to the University of California and Stanford University. 
se feared that the patent was so fundamental as to cover all 
products,57 although not been applied that way. 
t s important to note that the Japanese government's ef 
1 
oint research may also designed to promote more 
interactions among Japanese scientists. Lack of 
scientists due to the life-long employment system creates a 
environment. Dynamic interactions, especially among 
having various backgrounds, are regarded as important for 
new ideas and innovations.58 
argued that scientific breakthroughs in the field of high 
are often pursued by a group of scientists from varied 
For example, the transistor was invented jointly by 
, and metallurgists; scientific breakthrough 
of DNA was made by integrating work of 
I crystallographers.59 Today 
(Tokyo: Bungeishunju, 
been applauded as the source of many important 
adapted a policy to encourage interactions among 
various disciplines. Due to Japan's rigidity of labor 
infusion of new scientists to a company, and 
provide the same level of multi-disciplinary 
Rosenberg, Inside the Black Box: Technology and 
Cambridge University Press, 1982), p. 290. 
-2 
said 
Development of a between 
biologists, biochemists, , and computer scientists. 
An OTA study of biotechnology multidisciplinary nature: 
Biotechnology is unusual most in that it 
spans an array of scientif disciplines. Individuals seeking 
to be well versed in applications biotechnology must have 
interdisciplinary training. engineers, for 
example, need some knowledge and microbiology 
as well as knowledge of so that the most 
efficient combination of and bioreactor can be 
determined. Similarly, biologists need to 
know both physiology and molecular genetics. People working 
in microbial enhanced oil recovery need training in 
microbiology as applied to a specif geological 
environment.60 
The OTA Report 
promote such an interdisciplinary 
The multidisciplinary nature 
implications for educational 
excel in biotechnology, 
resources of several departments. 
have an inherent 
technologies 
(e.g., a 
the 
In contrast to 
rather than research 
less known outs 
primary governmental body 
policies. By coordinating 
60 OTA, 
61 OTA, Ibid. 
to com.rnerc 
5-26. 
a framework to 
has extensive 
structures. To 
to draw on the 
Although 
the 
and technology 
use of the Special 
Fund, STA has played the leading role in Japanese science 
Rea zing the importance the active integration of 
sts from various backgrounds, STA introduced new projects 
z interdisciplinary approaches to science: Exploratory 
Advance Technology (ERATO) and the Frontier Research 
Agency also established the Research Development 
to promote the commercial development of technologies. 
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Exploratory Research for Advanced Technology (ERATO) 
The Exploratory Research for Advanced Technology (ERATO) program 
was established in 1981. It was inaugurated by the Research and 
Development Corporation. Nine exploratory projects are being conducted 
(see Table 16) • 
Table 16. ERATO Program 
name of ERATO project _(year) 
1. Ultra-fine Particle Project 
(1981-1986) 
2. Amorphous & Intercalation 
Compounds Project 
(1981-1986) 
3. Fine Polymer Project 
(1981-1986) 
4. Perfect Crystal Project 
(1981-1986) 
5. Bioholonics Project 
(1982-1987) 
6. Bioinformation Transfer Project 
(1983-1988) 
7. Superbugs Project 
(1984-1989) 
8. Nano-Mechanism Project 
(1985-1990) 
9. Solid Surface Project 
(1985-1990) 
project members 
Meijo University 
Stanley Electric 
ULVAC Corp. 
Research Institute of 
Electric & Magnetic Alloys 
Gakushuin University 
Otsuka Chemical 
Furukawa Electric 
Sophia University 
Mitsubishi Chemical 
Matsushita Research Inst. 
Semiconductor Research 
Institute (Sendai) 
Mitsubishi Electric Corp. 
Mitsubishi Metal 
Hamamatsu Photonics 
University 
Nissho Bldg. 
Osaka Medical College 
Nippon Shinyaku 
Riken 
Hamamatsu Photonics 
Tsukuba Research Consort. 
Nippon Kagaku 
Tsukuba Research Consort. 
Research Center 
n 1986 three more projects were added; Molecular Dynamics Assemb 
ics), Biophoton Project (biophysics), and Quantum 
Project (information science). 
project is conducted under a project director who is 
by the Research and Development Corporation. The director 
academic and corporate members of a project team. Each 
s members from government research institutes, private 
, and universities.62 The ERATO program promotes the 
of young scholars having various technical backgrounds. 
from ERATO projects are the common property of Research 
Corporation and the members of the project. Patent rights 
shared by Research Development Corporation and members 
associated with the invention. Members' patent rights can 
commerc 
to their parent institutions after the end of the project. 
the emphasis is on the study of basic science rather 
zation of technologies, there may be valuable spin-offs 
ects. Some of the goals of ERATO projects are in fact 
to potential commercial interests. For example, 
of the Perfect crystal Project was to develop a new 
semiconductors by combining perfect crystal formation 
static induction control technology, the Quantum Magneto 
ect explores the possibility of creating an ultra-fast 
magnetic quantra as units of operation. The Superbugs 
the Research and Development Corporation doesn't 
facilities, ERATO research projects are conducted in 
academic institutions involved in the program. 
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Project attempts to by studying 
microorganisms Nano 
Project studies new precis processing) 
methods and hopes to in a wide range of 
scientific research, such as biotechnology. 
Frontier Research Program 
The Frontier Research was in 1986 to "conduct 
fundamental research of a pioneering nature (Frontier Research) with 
long-sighted views of science and technology" under an internationally 
open system. 63 .. The research works are undertaken in the Institute of 
Physical and Chemical Research.64 
Although the program is innovative 
basic research, the Frontier Program has two major areas of 
interest: biological and Research projects, 
undertaken over 15 years, are designed to long-range. The program 
also promotes multidisciplinary approaches. Seven programs and 
laboratories have 
17 lists 
63 A 
Research 
Frontier Research 
64 The Institute of 
Keenkyujo, more commonly 
a semi-government research 
government. It carries 
projects, and often 
projects. With more 
1,000 guest scientists, 
facilities in Japan. 
own research. Table 
Program. 
19 It is 
entirely by the 
research for various 
government-led research 
and more than 
the best scientific 
17. 
names 
ects are 
one French 
foreign 
66 
to promote 
Dr. 
were selected as project 
expressed much praise 
that 
sc 
a favorable 
the program. 
Advanced 
Project 
Project). 
1987 
well 
the past. The government introduced cooperative research programs to 
acquire the necessary 
project was called the 
Project.67 
This kind of government-backed success 
realize in biotechnology, 
This 
) 
more ficult to 
ic technologies 
themselves, such as rDNA, won't necessarily guarantee success in 
commercialization. This is especially true the development of new 
drugs. To achieve success, firms must the "right" drug. 
Whether a firm should invest , or alpha or beta 
interferon not clear at investment. Faced with 
rapid scientific progress, predicting the product of tomorrow is very 
difficult. 
A brief comparison between semiconductor and biotechnology should 
clarify the difference between MITI's VLSI Project and its biotechnology 
I 
related 
crystal 
techno logo.{, 
Policy for High 
Technology Industries 
The project worked well 
technologies necessary 
Japanese firms could 
Also, the research 
companies were 
technologies. 
worrying about 
also avoided antitrust 
producers of 
production. 
to cooperate without 
final products 
firms became low-cost 
suitable for mass 
I Project, to 
for In 
s, some o 
However 
is 
68 
or new sm 
is 
a patent. to 
This difference importance of patents for 
products makes cooperation 
much more diff than 69 
overcome such difficulties, in the Next Generation Program 
j R&D on "areas in which Japan 
a edge or 1 
maintained that s 
manufacturing technologies 
firms. Bio21 Group, 
Bio-
technology. n70 one three projects 
in zing an 
maintained that Japanese 
other industrial nations.72 
Although the extent of success 
71 Imai 
has been overestimated by 
government-led efforts in 
biotechnology is unclear, some private firms are openly 
questioning their effectiveness, are 11 trying to be selected 
by the government to participate in a joint research association. Some 
companies aggressively recruit retired government officials in hopes of 
increasing their chances of being selected to an association.73 
70 Imai, "Japan's Industrial Policy," p. 149. 
71 It was decided 
study should be ended. 
member companies didn't 
had to be terminated. 
that j research association for bioreactor 
A MITI official I interviewed admitted that 
want to cooperate, and therefore the association 
72 There are a few 
promote biotechnology. As 
moves toward the technological frontier, 
mix and technologies will not be easy. 
One other thing to 
the technology. 
fusion, are 
efforts to 
development 
readily 
specific R&D 
applicabi 
as automobiles 
such as semiconductors 
73 Kobe Steel, 15 
selected by the governemnt 
group. To increase 
sciences laboratory 
biotechnology research 
Business, 9/16/85. 
forming policies to 
up with the u.s. and 
targeting the future product 
applicability of 
rDNA 
, 
world, tried to be 
joint research 
its own life 
MITI's 
laboratory. Nikkei 
7 
iplinary, 
"Big-Room (Open) 
74 between different 
same large room, to 
having a 
not enthralled by 
to promote their own strategic alliances. Joint 
ects helped Shimazu Corp., leading acturer of 
equipment, to market equipment that supports biotechnology 
7 With Wakunaga Pharmaceutical, it jointly developed DNA 
equipment and developed cell fusion equipment with Kyoto 
to keep their technology secret from , joint R&D 
are emerging among companies belonging to the same keiretsu 
In 1986, Mitsui Group (Mitusi Toatsu Chemical, Toray, Oji 
i Petrochemical, Mitsui & Co., Mitusi Bank, etc.) 
a 
, 
for plant biotechnology R&n.78 Its prime 
own j research program. 
synthetic detergents, including 
and Oils 
51. 
Akiyama, "Joint Research Projects Help Shimadzu Enter 
ld," Ibid., p. 65. 
industrial grouping which an oligopolistic 
dominated by conglomerates. 
means a pyramid structure of vertical networks 
, Baio Kakumei, p. 76. 
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Mitsubishi Chemical 
Plant I 
In summary, it is fair 
impacts on commercial applications 
to coordinate firms in learning 
its own laboratory, 
even though the extent of 
unclear, the government's efforts 
technologies, i.e. rDNA, have 
helped major Japanese firms gain necessary skills in the initial stage. 
Private firms are also forming joint R&D alliances based on their 
traditional Keiretsu, taking advantage of 
antitrust enforcement. 
X. CONCLUSIONS 
government's passive 
In his study of the Japanese biotechnology, Gary Saxonhouse 
concluded that "Japan gives less formal aid and comfort to its high 
technology sectors and to biotechnology in particular than do the 
governments of most other advanced industrialized economies •.. there is 
nothing abnormal about Japanese trade and industrial patterns."80 Our 
discussion has shown 
policies 
formal aid and 
Whether such 
there are some problems 
in Japan, one should not conclude 
at all. Japanese bureaucrats, 
79 BIDEC News, June 1987. 
80 saxonhouse, "Industrial 
, strategic government 
sector. 
Although 
R&D in biotechnology 
government policies will not work 
MITI, are known for 
Markets," p. 132. 
flexible and pragmatic approaches to industrial problems. The 
introduced the Key Technology Center to stimulate private 
to cooperate; STA introduced programs to promote an 
environment. 
Private companies, well aware of deficiencies in government 
, are utilizing their own keiretsu networks. They may be able 
achieve an increased level of multidisciplinary interaction and 
more intellectually dynamic environments to their R&D efforts. 
Robert Fujimura, who worked as biomedical attache to the u.s. 
in Tokyo, like Saxonhouse concluded that "if Japan is second to 
.S.A. in biotechnology development, it is a distant second."81 
, we conclude that the competition in biotechnology has just 
and competitive advantage is a dynamic, not a static, concept. 
strategic policies and its financial commitment in the public 
sector, as well as an increasing level of cooperative effort in the 
sector, Japan may in fact come out as front-runner, not a 
second. 
81 McGraw-Hill's Biotechnology Newswatch, March 16, 1987, p. 5. 
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numbers 
three-day 
changed world .. 
Today 27 percent of our chil-
dren fail to earn a school 
diploma. 20 nPrN•nr 
adult 
\fhilr ofour high 
1rfwol s / uden Is ()8 percent 
nil rerrive thrir diploma\. 
A mrrican "\lind, will 
to make sure 
child knows that 
percent of our adult 
can't read and many 
han· the basic ability 
monev is not the 
We alreadv spend 
the focus is on the product, pub-
lic education. and not on the pri-
marv customer. the student. 
\lost Americans are 
familiar with the productivity 
of American industry 
two decades, 
in the so-called basic 
industries. We have lostjobs, busi-
nesses, and in some instances 
entire industries. The lucky ones 
have witnessed a retreat in 
their market shares and bottom 
lines. 
American business received 
many rude av·:akenings and many 
hard knocks. \Ve had to better 
understand our customers' needs 
and, even accept and 
embrace 
Detroit found out the hard way 
when the I 9T~ Arab oil embargo 
drove up the of gasoline. 
And more more American 
driving more 
and Ger-
chrome and 
mirrors wasn't the answer; under-
customer needs was. 
At times we have all lost touch 
customers. Large orga· 
have a to 
focus on means of produc-
rather than on the ends. 
of this 
have gone through major 
reorganizations over the last 
decade. At Kodak, that meant 
focusing on the business units, or 
market centers. rather than on 
production centers. And ;.vhen it 
came to we empha-
sized teamwork and partnership, 
in order to instill pride in our 
people and in our 
products. 
Such fundamental change 
does not come easy. It requires 
communication 
-2 5-
In education 
cooperation, greater commu-
nication and greater commit-
ment. What we need is 
Ill 
setting ... too often as 
short-hand for 'let else 
handle the problem.' 
Traditionally, school 
ships haYe been more 
partnerships-an arms 
distance always The parents 
proYided a little monev, in 
the form of taxes .. and thcv 
provided the raw material, !he 
child, and hoped hH· a return on 
investment 
At worst, schools were oper-
ated as blind trusts and the par-
ents, the students and the conl-
munities were too often blind w 
the lack of results. 
In either case we ne\·er asked 
anything of the parents and 
dom was anything asked of the 
child, other than attendance. The 
basic was poor. 
The need for 
today is clear. 
students feel alienated from their 
schools, alienated from 
alienated from the future, 
alienated any sense of self 
-2 
schools. 
He has parents, children and 
school officials si!-{ll written con 
tracts <11-,'T<'Cing to fulfill certain 
to ask the child 
about get 
to bed al a reasonabk 
and set 
Such efforts on the surface 
3 
irwolvemmt 
others in the 
lS 
Parental involYement at 
these Sew Haven schools goes 
well the monthly PTA 
of us have grown 
pursue careers in science. 
and related fields. 
of that at 
American busi· 
efforts in this 
immediately. 
Sot to you the wrong idea, 
there are a lot of impressive and 
ambitious programs being tack· 
led by business But more 
needs to be done. 
Prudential finances summer 
jobs for high schoolers who go to 
work in small businesses. 
American Express has opened 
"financial academies" for inner· 
city vouth in eight cities; enroll· 
ees get instruction in economics, 
accounting and other topics to 
give some background for 
financial services jobs. 
Coca·Cola spends $500,000 a 
year to attack the dropout rate at 
nine high schools in f(mr cities 
with populations. 
And 
a 
is created 
post· 
institutions and busi· 
student achieve· 
men~ and 
career I know it can 
work, because I've seen it work 
.. in California's BET-
fornia Chamber of Commerce. 
Kodak's hometmvn also has its 
own effort called "Roch· 
ester Brain Power" ... organized 

Ji){} our schools msurf a 
of 
and not a lroel 
with their 
curriculum. 
it means encouraging 
efforts among high 
colleges, 
as so-called "2 + 2 pro-
... which we find in various 
in California; 
Texas; Dade County, Flor-
ida, and at the :\Iiddle College in 
'\ew York City. The 4-vear pro-
gram starts with eleventh graders 
. . provides them with a basic 
core of from the high 
school and at the same time 
them technical skills. The 
students the final two 
In addition to dearer 
across-the-board-in our 
schools, middle schools 
mentarv schools-we need to 
reconsider the of the 
community at large. · 
One that would go a 
long way to greater con-
tinuity in the lives of poorer fam-
ilies is the equivalent of one-stop 
shopping for social services . 
:\lake the school the focal point 
for a variety of community activ-
ities and social services targeted 
to children. '\ot only would this 
probablv save money, it would 
revitalize the link between the 
school and the communitv. 
Another broader approach 
fostering a stronger school-
community link is the '\ew 
Futures Initiative, sponsored by 
the Annie E. Casey Foundation. 
The foundation plans to inject 
$50 million into five commu-
nities to combat prob-
lems, youth unemployment and 
teenage pregnancy. five of 
the ten communities 
for the 
receive 
[n Rochester-we're one of the 
ten-it has forced different sec-
don't 
each or at least not very 
well-to focus on the interrelated 
problems 
dren. The discussions 
support for 
and greater 
<JV''-"'J· With 
or without the money, Rochester 
will take strides ... of 
course, we still want the money. 
I know can-
approach does show us how we 
in~ at-risk 
a kw barriers 
them. 
mvolvement, how· 
ever, should not mean 
gers in the education 
should resist 
bureaucracy and we should resist 
program from 
on high. What is needed is 
school-based In order 
in thr 
more money in 
it is '"ear!v 
. And I am co~­
vinced that the earliest stages of 
educational development arc 
where we will receive the best 
else we do is 
to be stop·gap. 
Many of us in business in 
recent years have been spending 
fair amount of time learning 
abom enhanced quality. And 
there are some prin· 
can apply whether 
or manufacturing 
or whatever. 
One of those 
the first 1 
is: do 
docs 
mean to ;tn education svs· 
tem~ It means that ifvou're going 
w devote 12 years to educating 
someone, you ought to allocate 
resources to doing it right 
first time, not fixing it after 
the fact. 
That's l believe we should 
1 consider the proposal ol 
CED-the Comminee for Eco· 
fully 
7 
The price of indifference is great. 
Thl' path to making a difference is 
not ea.1y. 
. . the average cost of repeating a 
grade. And one places the 
return on S l spent on Head Start 
at $._f.75 in lower special ed and 
welfare assistance. 
And due to the enormity of the 
challenge we face, I also encour-
age schools and educational 
researchers to explore the qual-
itative differences in a longer 
school year. Japanese children go 
to school 240 days out of the year, 
Americans go 180 days. How 
much time do our children waste 
in redimbing the same learning 
curve? 
~o matter what is done-and 
there is much to do-the focus 
should be the same. Our schools 
must meet the needs of their pri-
mary customers ... the students of 
American. 
We must the skills and 
education of many, or risk the 
standard-of living of all. 
The high school graduating 
class of the year 2000, just 
entered kindergarten this faiL We 
cannot afford to lose a quarter of 
them to the economic ash bin, or 
accept the granting of diplomas 
to those with less than the basic 
skills needed to get a job. 
If our school systems are to 
turn out enough skilled and tal-
ented people to meet the emerg-
ing needs of this technological 
age, we need not only transform 
the structures of our educational 
system. We must re-energize that 
total system ... with parents, the 
community, government and 
business working together to sup-
port the required change. 
The price of indifference is 
great. The path to making a dif-
ference is not easy. But through 
your leadership and a :--lew Part-
nership lam confident that a 
new day can be won. 
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